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Abstract

A critical component of air pollution modeling is the representation of atmospheric flow fields within a model
domain, since an accurate air quality simulation requires an accurate portrayal of the three—dimensional wind
fields.

The present study investigated data assimilation using surface observational data in the complex coastal regions
to simulate a realistic atmospheric flow fields. Surface observational data were categorized into three groups (Near
coastal region, Far coastal region 1, Far costal region 2) by the locations where the sites are. Experiments were
designed according to the location of observational stations and MMS/CALPUFF was used. The results of
numerical simulation of atmospheric flow fields are used as input data for CALPUFF which predicts dispersion
fields of air pollutants.

The result of this study indicated that data assimilation using data in the far coastal region 2 provided an
attractive method for generating realistic meteorological fields and dispersion fields of air pollutants in Gwangyang
area because data in the near coastal region are variable and narrow representation.

Key words : MM5/CALPUFF, Data assimilation, Dispersion fields, Surface observational data, Complex coastal
regions
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Fig. 1. The location of the surface observational stations
in Gwangyang area.



Boprraelol ) 4253 47 75

Aol H7) 9 2A] Habgel nHx g

f

7’ )
4 I
1 ) fa n;ﬂ

1 7
~ '5"(’:‘5,

(a)
L i 2¢™ 70\7 i;i_;é‘sf“';sj;.‘ég
»~~f»zrf 7 ey el

Fig. 2. Surface weather maps at (a) 0900 LST on 3 June,
(b) 0900 LST on 4 June and (¢) 0900 LST on 5§
June 2002,

region 1)2 sfigte 2 RE] 1km ©]A} Skm oW S 2]
U5 o] Mol UNT BBLEL 2 4ol
wpx|eto g 972 3ekR]Y 2 (Far coastal region 2)
 sigke 2 nE] Skm o4t Mol Ao} w3
o Aol X BELE 2 APl & ATl

gF sxmel 171

rl
M

(a) P01m source emission rate (g/s)
38854 00
3880 1
38754
E 38704
=
> 3865 4
E 3860
=)
3855 4
3850 4
3845 4
3840 1 105003 to 1.05002
0E-002 to 1.0E001
3835-‘\ s o Lo
QE+001 to 1.0E+002
ol 0, Q& (  8uwewmis
360 370 380 390 400 410
UTM-X(km)
(b) Area source emission rate (ton/year)
3885+ o
: <
3880+ %
38754
38704
3865+
5]
£ 38604
0
s 3855+
[_4
= 3850-
3845+
38404 0.0E+000 to 1.0E.006
 1.0E-006 to 1.0EH05
38354 £ 1.08-005 to 1.0E-004
B 1.0E:004 to 1.0E003
W 1.08.003 to 1.08002
3830y v

360 370 380 390 400 410
UTM-X(km)
Fig. 3. Horizontal distributions of area (a) point and (b)

area emissions for SO, in air quality modeling
domain.

A dtezyE b Wel Weln AHe A
T12)FZ22 85km Jxolch ool BEae] 9
AW 2 9 15} 2ol APAAE S,
A B2 AzFHA AgHeIAE Hasel 9
Selsll ) AR AAN ol 71
AR Aol e 1L, 71 e L= F
+ FR9) A5 859D AF N AL A
29) Aol 71e, ol6R £EF AT as

J. KOSAE Vol. 21, No. 2(2005)



172

SEES

|3 - H3BA -

QaT

7} o] &=t} £ RS 31793 Al YL 2002

d 69 3URE 5UA7AA] F 48X 7ke]n]

8 26 4=

2= 7|7k F 0900 LSTel A &) A d7|=8 v}

ehfi 5ot

old ghitx 9l FajAtel AA w79t

33 sl A2 e A Aed okt 7|3

Table 1. Experiment design.

Stations using

73 300 velige 2 Ad e BEadE M_
BlolA B A7 RAFANS Aol wE A
AAY 900l A5 A A A=
2 Resius Weddoz Ble] A A
W ATE D ARL AN Beyde) e
o Hor o Ae Gi4g WED w4, 3

Experiment objective analysis /I\ni(r)g;?rl]igty ok 1% Aol A] AA oz wjZo] B wrolt)
Near coastal Far coastal
Case | - - AQ 2.2 ndlo| 34 : MM5/CALPUFF Modeling
Case N Near5(m) - AQ System
Case Fl - Far 1 (4(®)) AQ
3| o 0l5 o] 5
Case F2 - Far 2(5(A)) AQ =44 Zde &Y= 71AAE 29s] 91el
Case All AlGS(m))  Al(9(e,A)  AQ 3209 7| el MMSsh Bl 13 e dBAal
AQ : The case performed air quality modeling SO, Al - M8 =Rz EAS AR 43
91 %91 (30km) 91 %91 (10km)
IEEN R— : °
g o _.380 . X
ZATT s %
g /) )//A f?/\’ ] ’ / ﬂ{\/
[ J /) 36.01 v} ;
2} » {\} \(: } § vy
g (/w} /\f/ \,../ 3 35.0 5 o?_{zﬂv/\j - -
g o Y 2 3404 o [® 9 /
— \\ § ’ 3 T
30.0 =N 33.01 p C/’)"\\ .
P Tl 32,01 o
e ~. p Q»\g
25.01 1~ 310 J Y
Domain 1 S~ 7 Domain 2
T I T ! Y I H ! 30.0 T%/-v? e — T 77 ) —
110.0 115.0 120.0 125.0 1300 135.0 140.0 1450 1210150 1350 1270 " 190 1310
Longitude , ‘ Longitude \
// v
52x52(1.1 km) J 91 x91 (3.3 km) Y
35.11 e - -
L < 360{ - -
35.04 )
N 35.51 .
° :
L 3491 3 3501,
=l =
E] S iy
= — 3
2 34.8 34.545
34.74 i 3401
. 7 Domain 3
Domain4}| - 33.54 N
34. v v v f v v y - - y ¢ y
1275 1276 1277 1278 1279 1280 126.0 126.5 127.0 127.5 128.0 1285 129.0
Longitude Longitude

Fig. 4. The domains of calculation for MM5: Each domain includes Korea Peninsula, South Korea, South coastal

region and Gwangyang Bay, clockwisely.

P 712873 E A Al 21 A 25



FeftddelrMe) Arg3d 97 %

HEA oj7|g4t 299l CALPUFFE Agsle] 4
elelch MMSE 25 7)) wdzA Ble] 7]
A} F-4 (National Center for Atmospheric Research)
s WA el el R ete] 25 LT F A4
o2 MAFY & e, 2 2E2 AFPE g2
= o-FuA =2 2 H]AS (Non-hydrostatic)H}A
AlAE ARE3P Arakawa B AAlgoz A He]
S TH(Grell er al., 1994). MM52] AAF e Fofat
FIE FAoz A or FAAANEE =98
o] 30, 10,3.3, .1 kmo g FA3lgdon dx-dos
+ Broz PR TR N4E FA=
£ 7] A e delE Aztsiel 24
A74A] ARE & Ak AN A9 feed-back
£ 3831 two-way nestingg AH&3lE T 18 5
ol A4redodst A= 7€ EIich A MMS
|4 NCEP/NCAR AEMAt88 53 27 4%
< TE F AARAMAA (Litle_ )& B3 320 T
Aoz PR AADE BEel 12 Agele &
H=e) 7)7Eatel d¥selch CALMETS 3349
A ) YEd A 3R v 9 LAt 23441
331, A 254, FAEAE 2ASLE, CALPUFF:
Lagrangian Gaussian Puff 35l 2 A] FEo|A] &3
o2 WMEHE 4715 A vreAl dr|delE
(pufh 2 v ZHetz 7pAstar, o] wiEd d7]ele]
7b F0A AR Zhe vRAE gEbA ol |
Bare] o) 2old Wel JPEEL YAz T
o Fxg Aalsh= zdleldh &l d7|geE:
et e @l olEspaA el Sa) 2 =77t
RAY,
sport, coastal interaction effects, building downwash,
wet and dry removal 52| ZEol xEZHe] gt}

=38} complex terrain effects, overwater tran-

Aol 7] 29 B Akl FlAE Aol B $AL

e

173

Lo

(o3

CALPOST%: CALPUFFo|A] #AAlsl ZA#}E n)el
2 7t receptorol A 9] A7t B9 S-S o
Feo) sld=z ArZs) W} (Scire e al., 2000). 2
TFoll M 28 50A9} o] MMS $X| 5228 &
of AbEE 7)1AE AR A3 CALMET
3] CALPUFF9| 18 7|43 oz o]85e] o7
o Edo] gats Aatsigdch

O R pob |

o
fo o

3. £x 29 7z

3.1 f7| REF wWg SO,9 FHitH

Fx)22 Y F 20024 64 59 0600 LSTe|
Hste] MM59] Az A2 7] $-527 7 Ay
o W SO,9 FAAE 22 A7 7 FZ4elA
F23 F3 54 A 2™ 69 Jepisich 29
() FZLdA F5H T FLHoz Ak
o7 BF AYe &3] Bovter Jked dAE
sletAld 26ME BaFol dA=] sk 1A
E EFo &4 R GelME B5Fe] e}
2w Aol ofgt 7] AEE Qe FLo] oha
A BEEQc) o]& Edi® Jmx] 17 6(b)~
(e)9] WAl o} FAbtE vlmsl B 13 6(b)
= AR #F AnF3pl AldER 4 Aoz
FEAGLY §Fo] Bolulew 9l 7 v F
ol ofsfz]l FeofutHde] F9l2 HFoz U}
7] Beke 35F ¥ P FeE Ee] B §
FoFA M Z] X3t Ak W-gAake] X3
o &R FHA] BRI Bojule: BAFA G
|35 A Eot e x gleh ¥ 6(c)e UAE
A 29] 5AH AAFHE R8It o] 4H A=

Meteorological & CALMET CALPUFF
Geophysical data | ¢ Meteorological A Dispersion
Preprocessors Model Model

AN Visualizing
[oupuaua_ -] .
’\\/7
MMS
Meteorological CALPOST
Model Postprocessor

Fig. 5. The flow chart of MM5/CALPUFF Modeling System.

J. KOSAE Vol. 21, No. 2(2005)



174 olghe - Qaed - AW - VT

(a) (b) 2002/06/05/0600LST Casel
35.1 35.11 Qj
35.0 35.07 ) f

3
34.9 S 3494 i
2 |

[ = A

=] < o

= — . ol

3 3484 34.81 NS T

A

4

34

34.74 34.74 %“
NN W mns

X e G5% "0 % e NN N e e N e e e

MRS e g AN N NN e

34.6 34 @ﬂ ey
127.5 127.6 127.7 1278 1279 128.0

Longitude Longitude -+ 10 m/s

(c) 2002/06/05/0600LST CaseF2 (d) 2002/06/05/0600LST
35.14 3 { 35.14 PPN
35.0- 35.0

g 3491 g 3491

E E

- 348«rg - 348

e }
T e e O e A T B i
g g A At R L
» F@.; ‘. .‘:n‘«.» ; "‘,%‘1; A & "«u....;:n‘-.-:
1275 1276 127.7 127.8 1279 1280 1275 127.6 127.7 127.8 127.9 1280
Longitude =10 m/s Longitude - 10 m/s
(e) 2002/06/05/0600LST CaseF1  (f) 2002/06/05/0600LST Case All
35~1'w-'*"‘* RN N T 35. F TSR SR N PER PR
Vet et AR SRR s ¢ Ve g et t L e
Vibigar T veet e PR O R e fras > A
RS IIOSSHN 14 - ARy
PUHIIIIII Dl agr T ey 3501
\;‘::\.}::‘:::’::.rz L% )
{8 Lanth e S STy
PR TR r £ S Jy e e
g J4OBIR T st 3 M0
2 PN ki NG Ry 2
34.84b¢ 4
3474353
ARG AN RN N e e e
3461 pu et o mcapens
1275 1276 1277 127.8 1279 1280
Longitude - 10 m/s Longitude - 10 m/s

Fig. 6. (a) The wind directions and speeds observed at each station at 0600 LST on 5 June. The horizontal wind fields
and SO dispersion fields at the same time for (b) Case F2,(c) Case N, (d) Case F1 and (e) Case All. Vectors mean
the wind directions and the round bracketed numbers mean the wind speeds.

g7 18R A2 W A2 %



AepAdolne) AnBaR oH7] 454l o] 09 2R Mol mA Al DY $Ame) 175

AR (712), F(713), 315 (93Dl E A #
NEoz Fo] vhex Baghe) ooz HEAY
o} upgto] ZelA I & Case 1914 5] £t
2% A= Bt FoFAIE At WA viR
UrlA] FEFoz Bo] Eolriel njzte] Case F2oi]
M BoFA Sl M ol EAAAM BAFor B
o] o vigtst @ Bk 2 &A= wix
oy gtk a8 6de A= AdAAY 524
AAE AB8E o438 AL o5 (168), Bk
(200 -4 W AWS), 53 (766), ok (75021 2]
7% BEE D TFY 8% ooz ApHA R
ZAlM AlEH H5Fe] ogubEel Al L oJ ke
W] A3 9leiA] Case BO| FoFutollr] ¥-Foz Hof
el vigho]l &3 R HEFo] uiHe] o5
Hbee} EAbe Ale]oflM HAFow Fof vtew 9]
o I8 6(e)e 9AE A 19 4XH At
% AR olgez APE(907), 4F (O13), F

(933748 HAMF o el 712 U= AR
2 ghlcdellA BFelidd FAZE 3 Foz v
o & wAvrta glvh 29 6(H:
AHe] Alwrl o]8Ee] 17 6(b)-(e)ellA BHHH
EAEo] BF FAH o= viehty 9t T3 2
 6(d)9} @M e digtes BEA Y $Fo= 4
hE dlojveitt BFAdE nuide] AR dorl=
AE B 5 Uk 283 deElE ghfeels e
2 Hged £Fo] Eils FH7A) WHed &4
Aol A g WEEE Zol vpew BAES] §E3}
7 BAEe FAE Helw g} &AW 19 6
(©)8] 7%= 2319 A3l azz WAl |
oy BMFAL AR 7 A4S wet 2o
2 B oyl AL B & ok =3 539 &
Fol Bl 5271 Ho] 4ulE HE S}
v HAET A 54 shetetelld Ha B
Fog Fo] uiFle] Bojrls m45E Ml o
o} zho] 7} Aol AMSHE A= AmE] A8
T3 A L mIEe] 77t 7] fi-gAel et
I e AL E Qo 938 A4 A= R8T
3ol ole} AR 509 AlY Ans W7 2del
CALPUFF2] slgztg = o]4sle] A2H SO,9 4
% yrAde 2 APds Adne I3 6b): )
2 ARE FHoR oputwe GHFH FH=
Fate] tta AHAEHE & A A5AlY Az

=
v e

A deuskoz gatEa 9l o) 7 Aot
oFgt ofzlel] - FoFRt 419 uigte] ofs|AHA ZF
9] $h4d7t FAFH vehbs 24elnh 13 6(c)
= A T i HokRe] A AUAA
29 ExFALY A8 ooz WAHE Fo}

= 8-Fo| 7} X)L Case lo|A] Rgdwl oi4 A
A=AD o] ARIRHA 22 FEE Heln]
FHdko s FAlE 3 9l 18 6(d)= 2E st
A9 73t BEEe oz wEdozE ¢
AMulgko 2 el gAE Y ok 23 6(e)= 9418
HepA S 19) BEADL v SAbEel Y ¢S
F i) oo r ApNleE wel dAysre s
b= vhAA] wkskez 935ty vk 18 6(f)
A7 f5elM R BdRe] 2E #5340 A8

’

Jungdong
140
(a) —o— Obs.
1201 —-o—C1
—_ —— CF2
2 -+ CN
& 1001 —— CFl
= —— C All
2 801
g
8 601
g
=]
2, 404
o
v
20
0 .

3 6 9 12 15 18 21 24
Time { hour )

Taeindong
40

(b) —o— Obs.
_ —-—-Cl1

~ 120
= —~v— CF
2 - C
Z 1001 ——C
g = C
& 801
g
g 601
8
& 401
72}

201

0-

Time ( hour )

Fig. 7. Time series of SO, concentration for the air

quality stations at (a) Jungdong and (b) Taeindong
as the result of Experiment.

J. KOSAE Vol. 21, No. 2(2005)



176 olz¢ - dsed - AP - YT
7b ol8Se] 74 Ay gt 54 25 dehln
e 7k ExEke . gakElw v

3.2 NAIE 24 « EAH 24

2002 64 499 #=3 SO, 5= Lwiske} 37
Z+ AP wxo dHIE HadsH 5 WA
HSael dted 29 7ol ehlisich 7l e el
o ez A AosErh dehbe A 2k
EZE &&= 7lo] F231), 108ppbs] TEE2
B3R A A4 A3, IR S 9
32 Mol 7}8dl Case F29] 79 1200LSTol
QF st epbe A7e g=e) oy S
A= $A8 dehbs Ag ¥ 4 Aok 35 A3
A= AWz} ke A =3 7184 1100LST
o YHTEEsl e A7k ZE AW 1
o] Case F29] 797} ¥%9 ¥HQl SN 3
2%¢ % 2ST Uk AwFHY 1499 I
& AFR7] 9 JFHE 7 g2 SO E
o H3le] FAIA BA 9 HEE& 9] Regression
(©]8} R)3} Unpaired Peak Prediction Accuracy (|3}
UPA)E °]&3t3{tt. Regression (o]3} RS F+ ®4
e Z7 2 za 59 AR S vele A
©2 00~1.09 & NE B2 A1 e
Aol <o g ZHAE 100 7eeE 9=
H Zre] &S Jehdtl. UPAE EPA (U.S Envi-
ronmental Protection Agency)ellx] WA sl w9 o)
ot BAA ez F=o] Hagte] el we] 2
o Woheg el e FA5T JHot T8
vrehdie} (Hogrefe er al.). A SO%5=2] Uzl
A BARel 2 #EAE A=) vebd o
UPAZ FHluSle 2t} A4E Fohe AL of
el A A5

_ (P—PX(P;—0)
N(P;—P)2 X N(O;—0)?

ey

P cmax Ocmax
UPA=—"F"—"7" 2
OL'maX ( )
P; : Prediction
O; : Observation
P : Averaged prediction
O : Averaged observation

o783 A A2 A A2

a5 8ol =29 Y FHe] 7B FHeiddd el
T AR a3 2E A5x4l F7E R} F
T, s ZE #F20M9] UPAZ vehiglch

Regression
(a) i —=Cl
—aCF2
=mm C Fl
mmm C All
0.6
o
0.4 4
0.2
0.0 -
All stations Taeindong
Unpaired peak prediction accuracy
(b) =X
. —=CR2
1.0 ==m C N
e C Fl
0.8 mmm C All
£
& 0.61 '
0.41
0.21
0.0
All stations
Degrees of improvement
100
() === CF2
: —3CN
801 e=ma C Fl
== C All
Q 601
8 40+
D Tl All stations

Fig. 8. SO, concentration statistics calculated for Experi-
ment in terms of (a) Regression, (b) Unpaired Peak
Prediction Accuracy and (c) Degrees of Impro-
vement.



FeFtA el Augstd o)

a3 7€ B3 B4 e} 7o) 50,9 UwEE
2 231909 Case F2ol A A A =7 34 ey
2w Case Nol|Aq 714 22 21& wdo =X AaA
=7 @3E-S O 8(a)E B3 & 4 Adgek ol o
#1550 3 UPAMxE 2+ A3E Ho|3 g
o 2 el eSS B2 At g o5
7} ALE ouistEe mdo sA5de] wojde
gt} 18] 8(b)E m ohE Aldel s Case
F27} B18] 11 gho] A5-& Ro|x ot olzy 7
Aol gt FAA=E A 87998 S0,9 =
(H)ell d3te] Case 1] Wt zhzhe) Az %
=349 Aelg E& PN =E WEE (%)= Jet
W€ (23 8e)el= 97 NIAY 29 W=
Aol AdRor & Ags o438 Case F2ol|A]
717473l w2 SO,8 FAbge] AF 20% A xo &
& Holu} Case NellM &= 714 B vehtx ¢)
o}

4. 29 % HE

}

o

2 dFoME A4 = AaEstd 9] 5%
ol di7] 2 A9 kAol mjAE: e 4
=2)37] $lsle] =A Fekuie] £l x4
2% ddez el Azg X =A A2
A" SRS, A4 HIAA 1, 9AF sex g
2oz BRI, ool wet AmF3t A AL H
oI A= A HE ARF De)sle S0 Ayge A
A F 2w 7|AELe MMSE o]f3le] &
=olg sigon, 1 AF AdoAx: Wy 5%
CALPUFF] sl¥zlg =z o]43le] SO,9 A -
M I AWET ST AgE oA Ay
Atzel iAo wet d7] $23 2 ozt o
Ao #abae] glolNxE Be AFE Helw g)
A3 B9 ald 4 gl sstel Qe
2] SR el AT A2e A3y mo)
% o diatelid "olAl A SR 26 9
2 BERE A8 Aol B2t A o)

2 $ARY AAE AU o) o3k 5(2004)
A =&3 AE B3| B o, B3 sy} @

¢
=

ON
S o ﬁ

u® rxi OI~J

2 o S

>]-J tlo

F57gol A7l o4 EA] FAbgel nx= g B $H w9 177

o] X2 Ase] ol guri: Jidor IAH &3}
& BshA =dl oA e gk g 83 o
=g 4 gl 978 A Y 29 AEE ALl
= | AA =719 ?‘fﬁiﬂr AR Aie d&
At olg} Bl Eo] AYAS AnFIE o A
97 f5AE A7 E.‘*E‘%H 49 Atmz A
stE wol 80,9 Al - FH FatelZo] 9lolA
=AM 23S Bk

olde] Aol Azhs Bad A qAre
2 A AN BE2e A2E o4 AT
W7) $58E A7A T o oz els Ao
e N 5ol dede AEPoz A= A
249 279 A1Y (Quality Con-
A 8% AsE AAY Hoz 4
71d 2d7e] ¥ ztare] At
8% A=rt 2 A

e -l>

irxi-

&2 0 2 8

o] 8¢, %ﬁﬂm‘ 3 2004) FA A Gel e 24}
B2 AT o148 U] $5H SAne) B2

o718k 81 3] =], 20(5), 633-645

Barna, M. and B. Lamb (2000) Improving ozone modeling in
regions of complex terrain using observational nud-
ging in a prognostic meteorological model, Atmo-
spheric Environment, 34, 4889-4906

Chandrasekar, A., C.R. Philbrick, R. Clark, B. Doddridge,
and P. Georgopoulos (2003) Evaluating the perfor-
mance of a computationally efficient MM5/
CALMET system for developing wind field inputs
to air quality model, Atmospheric Environment,
37, 3267-3276

Elbir, T. (2003) Comparison of model predictions with the
data of an urban air quality monitoring network in
Izmir, Turkey, Atmospheric Environment, 37,
2149-2157

Grell, G.A., J. Dudhia, and D.R. Stauffer (1994) A description
of the fifth—generation Penn State/NCAR meso-
scale model (MMS5), NCAR technical Note TN -
398+ STR, National Center for Atmospheric
Research, Boulder, CO.

Hogrefe, C., S.T. Rao, P. Kasibhatla, W. Hao, G. Sistla, R.
Mathur, and J. MaHenry (2001) Evaluating the

J. KOSAE Vol. 21, No. 2 (2005)



178 ol Aald - HWY - QAT

performance of regional-scale photochemical
modeling systems : Part II-ozone predictions,
Atmos. Environ., 35, 4175-4188

Kumar, N. and A.G. Russell (1996) Comparing prognostic
and diagnostic meteorological fields and their im-
pacts on photochemical a quality modeling, Atmos-
pheric Environment, 30(12), 1989-2010

Lalas, D.P., V.R. Veirs, G. Karras, and G. Kallos (1982) An
analysis of the SO, concentration levels in Athens
Greece, Atmospheric Environment, 16(3), 531-
544

Lamprecht, R. and D. Berlowitz (1998) Evaluation of diag-
nostic and prognostic flow fields over prealpine
complex terrain by comparison of the lagrangian
prediction of concentrations with tracer measure-
ments, Atmospheric Environment, 32(7), 1283-
1300

Liu, S.C., M. Trainer, F.C. Fehsenfeld, D.D. Parrish, E.J.

Rzols|RetsA A2 A2 s

Williams, D.W. Fahey, G. Huber, and P.C. Murphy
(1987) Ozone production in the rural troposphere
and implications for regional ozone distributions,
Journal of Geophysical Research, 92, 4191-4207

McKendry, I.G. (1993) Ground - level ozone in Montreal,
Canada, Atmospheric Environment, 27B(1), 93~
103

Russell, A. (1995) Impact of using prognostic and objective
wind fields on the photochemical modeling of
Athens Greece, Atmospheric Envirionment, 29
(24), 3633-3653

Scire, J.S., D.G. Strimaitis, and R.J. Yamartino (2000) A
User’s Guide Guide for the CALPUFF Dispersion
Model. Earth Inc

Stauffer, D.R. and N.L. Seaman (1994) Multiscale four-
dimensional data assimilation, Journal of Applied
Meteorology, 33, 416-426



