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Abstract

This paper introduces an Eulerian long-range transport model coupled with a
mesoscale atmospheric model. The model has been applied to the simulation of tracer dis-
tribution during two cases of Cross Appalachian Tracer Experiment (CAPTEX).
Meteorological fields are predicted by CSU RAMS with four- dimensional assimilation
and tracer transport is computed from an Eulerian dispersion model.

The atmospheric model with a four-dimensional assimilation has produced
meteorological fields that agree well with observation and has proved its high potential as
a generator of meteorological data for a long- range transport model. The present trans-
port model produces reasonable simulations of observed tracer transport, although it was
partially successful in the case with complicated structure in observed concentration.
Model with Bott’s 2nd- order scheme performs as well as that with Bott’s 4th-order
scheme and increased explicit horizontal diffusivity. Diagnosis of the model results indi-
cates that the present long—range transport model has a good potential as a framework

for the acid deposition model with detailed cloud and chemical processes.

1. Introduction

A Long- range air pollutant transport model is a
primary tool for studying the source- receptor rela-
tionship in the acid deposition problem. It can be
classified into two basic types: Lagrangian and
Eulerian models. As a bhasic framework of acid de-
position model, the former is used with simpler
treatment of atmospheric processes such as chemi-
cal transformation and wet and dry deposition,
while the latter can accomodate more rigorous
treatment of atmospheric processes. The Eulerian
model, therefore, can be used with less restriction
in actual situation.

There are many existing Eulerian long-range
transport models which are developed mostly for
the problems in Europe(i.e., Eliassen and Saltbones,
1983) and in North America(ie, Chang et al,
1987 ). Some attempts have been reported in recent
years for the transboundary transport of air pollu-

tants in the Asian region(i.e., Kotamarthi and Car-
michael, 1990; Shim et al,, 1993 ).

Verification of long-range transport model is es-
sential in order to establish the credibility of the
model outputs. One of the most popular way of
model validation is to simulate the observed tracer
transports(ie., Lee, 1987; Brost et al, 1988).
Major data sets for model validation of transport
model are mostly available in North America: for
example, Across North America Tracer Experi-
ment( ANATEX) (Draxler et al.,, 1988) and Cross
Appalachian Tracer Experiment (CAPTEX) (Fer-
ber et al, 1986 ). Such data sets, however, are not
available for Asian region.

This paper introduces an Eulerian long- range
transport model coupled with a mesoscale atmo-
spheric model. The model has been applied to the
simulation of tracer transport observed during
CAPTEX which consists of 5 cases of tracer
( perfluorocarbon( PMCH) ) releases from Dayton,

—357—



358 Seung- Bum Kim, Tae- Young Lee

Ohio, the United States and 2 cases of release from
Sudbury, Ontario, Canada during the period of mid
September through October 1983.

The model is introduced in Section 2, and the
performances of atmospheric model and transport
model are described in Section 3 followed by sum-
mary and conclusions in Section 4.

2. Model

The model consists of a long-range transport
model and a mesoscale atmospheric model which
provides the necessary meteorological data required
for the calculation of transport. Both of these mod-
els are written in both Cartesian and polar stereo-
graphic coordinate systems, and they are described
here in a Cartesian coordinate for simplicity.

2.1 Atmospheric model

A three dimensional hydrostatic model of Colo-
rado State University’s Regional Atmospheric Mod-
eling System(CSU RAMS) (Tripoli and Cotton,
1982; Tremback et al, 1985) is employed as the
atmospheric model.

2.1.1 Governing equations
Equation of motion on a sigma- z coordinate can
be written as

Forif 2l

ot or;
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where % and u. represent the wind speeds in x
and y directions, respecitively, @ the potential tem-

~.
perature, a=1——IZ;‘,, 2 the height of ground sur-
face, H the height of model top, b the tensor for
coordinate transformation, f the Coriolis parame
R
ter, IT the Exner function( =cp(§—) < ), ¢ the spe-
(]

cific heat at constant pressure, p the pressure, p,
the reference pressure (1000hpa), R, the gas con-
stant for dry air, ADV and TURB are operators

for advection and turbulent diffusion, respectively,
which are defined as
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where po is the reference state density and s repr-
esents the vertical velovity.
Anelastic continuity equation is written as

1 dablo w) _ =0, {1, 2, 3eeerererererercerenes (5)
a Ox

Thermodynamic equation is written as

a(_)—ADV(ﬁ)+TURB(0) ............... (6)
Hydrostatic equation is written as
gg _a?g: ....................................... (7)

where g is the gravity and &. is the virtual poten-
tial temperature.

2.1.2 Parameterization

Turbulence exchange for variable A (A" %)) is
parameterized using the first-order closure method
for which the following form of exchange coeffi-
cient is used :

K_

where K., and K, are the exchange coefficients for
momentum and heat, respectively, / the turbulence
scale length, D the deformation, ¢ a constant, and
Ri is the Richardson number.

Temperature and moisture at ground surface are
predicted using the method of Tremback and
Kessler(1985).

2.1.3 Numerical methods
The model uses C-staggered grid system
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(Mesinger and Arakawa, 1976) in which all ther-
modynamic and tracer variables are located at the
center while the velocity components i , w:,
are placed 1/24, 1/24,, 1/24, respectively. A sec-
ond-order finite difference method is used for spa-
tial derivatives,

Davies(1976 ) nudging condition is used for later-
al boundaries and prognostic surface pressure
method is used for upper boundary condition in
which horizontal divergence is assumed to be zero
above the model top.

2.1.4 Initialization and four-dimensional as-
similation

Initial and consecutive 12 hourly reference fields
are obtained from ECMWF data sets using an
isentropic analysis package of CSU RAMS. Objec-
tive anatysis method of Barnes(1964 ) is used.

A four-dimensional assimilation technique is
added to the CSU RAMS for meteorological predic-
tion. The technique used in this study known as
Newtonian relaxation or “nudging” ( Kistler, 1974;
Anthes et al, 1974 ). The relaxation terms, &( Az—
A) have been added to the prognostic equations for
A=(u;, U @ ). The reference fields Az are ob-
tained from the 12 hourly analysed upper atmo-
spheric fields through linear temporal interpolation.
In this experiment, the wind and temperature fields
are assimilated everywhere except that the temper-
ature is not assimilated inside the PBL in order to
include its diurnal variation. Moderate nudging (%
=10"%"") is used.

2.2 Transport model

2.2.1 Dispersion equation
A three-dimensional Eulerian dispersion equa-
tion on a sigma-z coordinate may be written as

dc
ot

Si=ADV(¢)+[

st] 20

where ¢ is the tracer concentration, K. the eddy ex-
change coefficient for atmospheric pollutant, @ the
source term, and R is the chemical reaction term.
The advective operator is the same as in (3). The
source term and chemical reaction term are ne-

glected in the present study. The wind speeds and
eddy exchange coefficient are provided by the at-
mospheric model. The eddy exchange coefficient
for pollutant( K.) is assumed to be identical to that
for heat( K.)((8) and (9)).

2. 2. 2 Numerical methods

Concentration is placed at the center of a grid
where thermodynamic variables are located. An ex-
plicit forward difference method is used for time
differencing, except for vertical diffusion in which
an implicit method is employed.

Four positive definite schemes have been initially
considered to treat the horizontal advection of pol-
lutant: 2nd-and 4th-order schemes of Bott(1989,
1992), Smolarkiewicz(1983) scheme, Prather
(1986) scheme. These schemes are applied to the
advection of cone on the cylinder shaped tracer dis-
tribution in a rotational flow field(Fig. 1). The
results after six rotations are shown in Fig. 2.

The Prather scheme performs best while the
Smolarkiewicz scheme performs worst. Model per-
formances in these experiments are quantitatively
evaluated by comparing the values for peak con-
centration ratio{ Cmad #)/cmax{0)), mass conserva-
tion ratio (2 #)/20)) and mass distribution
ratio{ 23¢¥(¢)/2X0)). These values for the four
schemes are given in Table 1.
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The Prather scheme shows the best performance
in all aspects and the Bott’s 4th- order scheme per-
forms as good as the Prather scheme. Bott's 2nd-
order scheme also performs well conserving mass
except the lowering of maximum concentration
which may be due to numerical diffusion. The
Smolarkiewicz scheme gives the poorest perform-
ance on conservation and distribution of mass and
the location of maximum concentration. The CPU
time for computation required by Prather scheme is
about 6, 2.3, 3 times larger than those of Bott's 2nd
-order, Bott's 4th-order and Smolarkiewicz
schemes, respectively.

According to Brost et al.{1988), an explicit hori-
zontal diffusion may be required for the simulation
of tracer transport when a model uses scheme with
small numerical diffusion such as Prather scheme

Bott 4th Order (b)

Max=3.47

Plalho}

Max=13.60

Fig. 2. Results after six rotations by (a) Bott’s second- order, (b) Bott’s fourth- order, (¢) Smolarkiewicz and

(d) Prather schemes.
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Table 1. Peak concentration ratio( Cmax #)/Cnax{0)), mass conservation ratio (2 c(#)/2«(0)), mass distri-
bution ratio{ 22(#)/212(0)) and location of maximum concentration obtained from the results

after six rotations.

Location of maximum

Schemes Cna 1) 24 2(1) concentration
Crad 0) 2 0) 21(0) (51.76)

Bott’s 2nd 0.76 1.00 091 (52,76)
Bott’s 4th 0.90 1.00 0.96 (51,76)
Smolarkiewicz 091 0.85 0.78 (56,76)
Prather 0.93 1.00 0.97 (51,76)

and Bott's 4th- order scheme. In this respect, the
numerical diffusion of Bott’s 2nd- order scheme
may well be accepted for actual application. Since
the two schemes of Bott(1989, 1992) perform
almost as good as the Prather’s scheme with much
less computation time except for numerical diffu-
sion of 2nd-order scheme, we use them in the simu-
lation of CAPTEX tracer transport and evaluate
them further.

The concentrations at the upstream boundaries
are assumed to be zero and zero gradient condition
is used for downstream boundaries in this study.
No pollutant flux through ground surface is as
sumed,

3. Simulation of tracer transport

The model is applied to the simulation of tracer
distribution during two cases of CAPTEX( Ferber
et al, 1986). The cases treated here are the first
(CAPTEX 1) and second (CAPTEX 2) releases
among 7 releases of CAPTEX. In CAPTEX 1,
208kg of tracer(PMCH) is released during the
three-hour period of 1700-2000 UTC 18 Septem-
ber 1983 at Dayton (39.80 °N, 84.05 “W), Ohio in
the United States. In CAPEX 2, 201kg of tracer is
released at Dayton during 1705-2005 UTC 25 Sep-
tember 1983.

The numerical integration starts about 5 hours
before the start of tracer release, and is carried out
for 36 hours for CAPTEX 1 and 48 hours for
CAPTEX 2 in a domain of 3500kmx2870kmX
15km with uniform horizontal grid size of 70km.
Time step is 120 seconds. Tracer is released at the
location of Dayton, Ohio for three hours with the

rates of 19.26g/s and 18.61g/s for CAPTEX 1 and
CAPTEX 2, respectively.

3. 1 Meteorological fields

In this section, we will present the simulated
meteorological fields and compare them with obser-
vation only for CAPTEX 1 because the comparison
obtained in CAPTEX 1 similarly applies to the case
of CAPTEX 2.

In CAPTEX 1, low pressure systems are initially
over the northwest and northeast of the model do-
main and a minor high pressure area is located
over the southeast of the release point( marked by
X ) (Fig. 3). Lower level winds near the release
point is generally in between southwesterly and
westerly. The wind speeds at 2z*=1253m- are
stronger than those at low level although the flow
patterns are similar.

Predicted meteorological fields for 12UTC 19
September 1983(24 hour of integration) are com-
pared with observations in Fig. 4 and 5. Observed
fields are obtained from the ECMWF data using an
isentropic analysis package in CSU RAMS which
uses Barnes(1964) type objective analysis tech-
nique. Sea-level pressure patterns agree very well
with observation. The pressure systems generally
have moved eastward. Winds near the release point
become southwesterly at both levels of z*=90m
and 1253m. Predicted fields agree very well with
the observations.

Root mean square errors{( RMSE) of predicted
meteorological fields are obtained from the simulat-
ed and observed fields and are listed in Table 2.
RMSE for wind vectors includes both the errors in
direction and speed. RMSE decreases with height
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Fig. 4. (a) Obseved and (b) predicted wind fields at z*=90m and sea-~level pressure at 12UTC September 19,
1983.

Table 2. Root mean square error of predicted
meteorological fields for CAPTEX 1.

RMSE-V(m/s) RMSE-T(K) RMSE-Ps(hPa)
z*(m) 90 7022080 90 7022080 sea-level
12 hour 14 14 10 24 10 06 16
24 hour 14 12 11 19 07 07 21
36 hour 1.3 1.2 0.8 27 13 07 24

and its values are in the range of 1.2-1.4 m/s at
the levels of z* = 90 and 702m and 0.8-1.1 m/s at
the level of z* = 2080m which is above the PBL
top. The magnitudes of these values are similar to

CAPTEX 1t Nud, e.d' '

Y (km)

~100

NSNS W

500 1000 . 3000.02
MAXTRE VECTOR

X

those of errors in analysed meteorological fields.
The RMSE for sea-level pressure which is not as-
similated is increasing with time from 1.6 hPa at
12 hour to 2.4 hPa at 36 hour of integration. The
use of nudging seems quite successful according to
these results,

3.2 Tracer transports

Various numerical experiments have been per-
formed for the two CAPTEX cases to investigate
the model performance and its dependence on nu-
merical schemes, magnitude of horizontal diffusion,
and vertical resolution in PBL(Table 3). Experi-
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ments El and E2 are to evaluate the performance 3.2.1 Tracer transports

with Bott's 4th- and 2nd-~order schemes, Each release of tracer during 3-hour period was
respectively, E3 and E4 are to see the variation of followed by four consecutive sampling periods of 6
performance with different values of horizontal ex- -h integrated samples. The four periods for CA-
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Table 3. Summary of numerical experiments.

Numerical Horizontal
Diffusion  PBL Resolution
Scheme -
{(m’s™')
El Bott’s 4th 10 Lower
E2 Bott's 2nd 10¢ Lower
E3  Bott’s 4th 0 Lower
E4  Bott's 4th 3.3x10* Lower
E5 Bott's 4th 10* Higher
Period 1
38 7
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PTEX 1 are 7-13 hour(19UTC 18 September-
01UTC 19 September), 13-19 hour(01-07UTC 19
September), 19-25 hour(07-13UTC 19 Septem-
ber} and 25-31 hour(13-19UTC 19 September) of
integration. For CAPTEX 2, those are 15-21(03-
09UTC 26 September), 21-27 hour(09-15UTC 26
September), 27-33 hour(15-21UTC 26 Septem-
ber), 33-39 hour(21UTC 26 September-03UTC 27
September). Predicted tracer distributions are pre-
sented in terms of “puff” and “event-total plume”.

Period 2 Unit = f1/1

CON= 5 20 40 60 80 100
Period 4

17Ty LEBAR ARAARAI
AR AR AR |

16 21 26
X (*70km)

CON= § 10 20 30 40

31 36

E
—

Fig. 8. Observed puffs for the four periods in CAPTEX 1.

Hereafter, a puff is defined by the isopleths of con-
centration for an individual 6-h data period and an
event-total plume is defined by the maximum con-
centration during the whole period at the first grid
level above ground.

Simulated plume from El experiment is shown
with the observed plume for CAPTEX 1(Fig. 6)
and CAPTEX 2(Fig. 7). The observed plume for
CAPTEX 1 elongates northeastward near the re-
lease point and then nearly eastward extending to
the east coast( Fig. 6a). The concentration decreas
es rapidly from the point of maximum concentra-
tion. The predicted plume is also similarly elongat-

ed except that the eastern part of the plume is
somewhat south of the observed plume and does
not reach the east coast. There was no surface ob-
servation site close to the release point and that
may explain why the observed plume starts some-
what downstream side of the release point. The dif-
ference in the extension of the plume to the east
coast is more difficult to explain and will be
addressed later in description of simulated puffs.
Another discrepancy is that the simulated concen-
tration is much higher in the eastern part of the
plume. This may be related to the weak horizontal
and vertical diffusion.
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Fig. 10. Vertical distribution of simulated tracer
concentration following the location of
maximum concentration at the level of z*
=1253m from experiment El for
CAPTEX 1. The number in the parenthesis

represent the location of grid point (i,, j,).

The observed plume in CAPTEX 2 is shorter but

wider than that in CAPTEX 1. In this case, the
agreement between observation and simulation is
fairly good in various aspects such as the size and
direction of plume and concentration within plume.

Observed puffs in CAPTEX 1 are shown in Fig.
8. These puffs are obtained from the observed sur-
face concentration by the Cressman-type interpola-
tion technique. The observed puff moves northeast-
ward passing the lakes Erie and Ontario during the
first and second periods and eastward in the last
two periods. The puff shows complicated structure
from the second periods with two maxima of con-
centration. The concentration within puff is de-
creasing with time. '

Predicted puffs(Fig. 9) move northeastward
crossing Lakes Erie and Ontario during the first
three periods and then eastward during the last
period. The simulation agrees partially with obser-
vation mainly due to the failure of simulating the
double maximum structure observed in the periods
2 and 3.

One possible explanation for the failure of simu-
lating the double maxima structure may be due to
the failure in proper simulation of the effects of
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vertical shear of wind and turbulent diffusion. Pol-
lutant transported to higher level may be transport-
ed by stronger wind farther downstream ahead of
the surface maximum and can be transported
downward by turbulence. This reasoning may be
supported by the Fig. 10 which shows the vertical
distribution of simulated concentration following
the location of maximum concentration at the level
of z*=1253m for CAPTEX 1. At 9h(16 EST 18
September ), the tracer is vertically well mixed. The
concentration at lower level decreases toward
nighttime mainly because of wind shear which can
cause the tracer at higher and lower levels to move
with different velocities. Tracer at z*=1253m is
moving without any downward mixing during
nighttime and has moved to the grid point (29,26)
at 30h(13 EST 19 September) which is near the
east coast and is about 157km southeast of the lo-
cation of surface maximum concentration. But the
pollutant at this level is still not mixed downward
in the daytime of the second day due to negligible
turbulent exchange.

Another major difference between the observed
and simulated puffs for CAPTEX 1 is in the con-
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Fig. 11. Same as Fig. 8, except for CAPTEX 2.
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centration value. The simulated puffs shows higher
concentration especially in the later periods. Simi-
lar difference is already pointed out in the compari-
son of observed and simulated plumes( Fig. 6).

Observed puffs in CAPTEX 2 show less elongat-
ed structure than those of CAPTEX 1(Fig. 11).
The agreement between observation and simulation
is fairly good through the periods except for the
period 2 when the observation shows a elongated
structure with double maxima(Fig. 12). The value
of concentration within puffs compare well with ob-
servation in this case. The vertical profile of simu-
lated concentration following the location of maxi-
mum concentration at z*=1253m is shown in Fig.
13. In this CAPTEX 2, the tracer at the upper
layer of PBL is mixed downward as the PBL top
ascends in the second day.

3. 2.2 Quantitative evaluation of model per-
formance
Quantitative evaluation of model performance is
carried out by calculating three scores ( bias, threat
and overlap scores), trajectory error, and ratio of
simulated maximum concentration to

Period 2 Unit = f111

CON= 5 30 60 90 t20 150 180

Period 4

11 16 21 26 31 36 41
X (*70%m)
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Fig. 13. Same as Fig. 10, except for CAPTEX 2.
observed maximum concentration.

{a) Scores

Three different sizes of puff are considered for
the calculation of scores : puffs are defined by the
region with concentration greater than 1, 10 and
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Table 4. The three scores for each experiment for
three different threshold values defining
puff in CAPTEX 1. The score represents
average value for the two periods 2 and

3.
El E2 E3 )71 E5
___DBias Score*

1% 054 0.69 049 063 050
10% 068 085 0.64 0.74 0.59
50% 158 2.05 145 1.58 1.25

Threat Score**

1% 0.32 0.34 0.30 0.34 0.29
10% 025 026 025 026 023
509% 0.15 0.13 0.16 0.15 0.06

Overlap Score***

1% 036 042 034 0.41 0.33
10% 030 034 030 032 027
50% 033 033 0.33 0.33 0.10

* Bias score=FA/OA

** Threat score=CFA/(OA+FA—CFA)

***Overlap score=CFA/OA

XFA : Forecasted area, OA : Observed area,
CFA : Correctly forecasted area
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Table 5. Same as Table 4, except for CAPTEX 2.

El E2 E3 E4 E5
Bias Score
1% 0.78 1.02 0.69 1.06 0.75
10% 1.04 1.30 0.94 1.30 0.99
50% 1.02 1.28 091 1.22 1.06
Threat Score
1% 0.37 0.39 0.35 0.39 0.36
10% 0.27 0.31 0.27 0.30 0.29
50% 0.10 0.19 0.08 0.17 0.20
Overlap Score
1% 0.49 0.57 043 0.58 047
10% 0.43 0.54 0.42 0.54 0.44
50% 0.18 0.33 0.13 0.31 0.33

50% of maximum concentration within puff. Ta-
bles 4 and 5 show the scores of the five experi-
ments for CAPTEX 1 and 2, respectively.

In CAPTEX 1, the bias scores, which is a mea-
sure of agreement in size of puff, indicate that the
size of simulated puff, is generally smaller than
that of observed puff. This may be understandable
when we consider the fact that the concentration in
simulated puff is larger than that in ohservation.
This score is larger with Bott’s 2nd-order scheme
{E2) than with Bott’s 4th-order scheme(El), and
increases as the magnitude of explicit horizontal
diffusion increases. In CAPTEX 2, the bias score is
larger than that for CAPTEX 1 showing values
around 1.

The threat and overlap scores give a measure of
the coincidence of simulated puff with observed
puff. The threat score may be a better indicator for
the model performance, because the overlap score
can increase toward 1 when the simulated puff be-
comes larger. The variation of threat score with ex-
periment is not very large in both cases. Threat
scores also indicate that the enhancement of verti-
cal resolution in PBL does not necessarily improve
the simulation, but the increase of horizontal diffu-
sion somewhat improves score. E2 and F4 produce
the highest score in both CAPTEX cases. As the
puff threshold value increases, the score decreases
for all experiments of two cases. Dependence of
score on experiments in CAPTEX 2 is similar to
that for CAPTEX 1.

{b) Trajectory error and maximum concentration
ratio

Average trajectory error and maximum concen-
tration ratio (simulated maximum concentration/
observed maximum concentration) are listed in Ta-
bles 6 and 7. The values are average over periods 2
and 3. Trajectory error is the distance between
grids of observed and simulated maximum concen-
tration over the periods 2 and 3. The five experi-
ments produce similar trajectory errors, although
E2 shows smaller error on the average.

The ratio shows some difference between
CAPTEX 1 and 2. It is in the range of 1.55-2.17
for CAPTEX 1 and 0.66- 0.95 for CAPTEX 2. The
two case average ratio is 143 for El, 1.11 for E2
and 1.19 for E4. These results reflect the effects on
the maximum concentration by numerical diffusion
of Bott's 2nd-order scheme(E2) and by the in-
crease of explicit horizontal diffusion(F4 ).

Table 6. Trajectory error*(er. km) and ratio*(b)
of simulated maximum concentration to
observed maximum concentration during
periods 2 and 3 for CAPTEX 1.

El E2 E3 E4 E5
er 113 113 113 113 157
b 2.02 1.55 2.17 1.72 2.16
* Averaged value for period 2 and 3

Table 7. Same as Table 6, except for CAPTEX 2.

El E2 E3 F4 E5
er 140 1056 140 140 105
b 083  0.66 0.93 066 095

() Discussions

Some common dependencies of model perform-
ance on the numerical schemes, magnitude of hori-
zontal diffusion may be found from the results of
numerical experiments for the two cases of
CAPTEX, although the variations of scores, trajec-
tory error and maximum concentration ratio with
experiment are not very large. Model with Bott's
2nd-order scheme(E2) produces very similar
results to those of Bott’s 4th-order scheme with ex-
plicit horizontal diffusion of 3.3x10* m’s~'(E4).
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And these two experiments produce highest threat
score. The effect of numerical diffusion of Bott's
2nd-order scheme seems comparable to the effect
of increased explicit horizontal diffusion from 10*
to 3.3x10* m’™' which improved the result with
Bott’s 4th-order scheme.

Increase of explicit horizontal diffusion some-
what improves the scores but it does not change
the trajectory error. The two cases show different
performance changes as the vertical resolution in
the lower atmosphere increases and the impacts of
vertical resolution are not clear according to these
results.

The present results indicate that Bott's 2nd-
order scheme may be used instead of 4th-order
scheme. Further study is necessary, however, to de-
rive conclusion of the model dependence on various
model factors with larger amount of validation
data sets.

4. Summary and Conclusions

A long-range transport model has been devel-
oped and applied to the simulation of tracer distri-
bution during two cases of CAPTEX. In this study,
the meteorological fields are predicted by CSU
RAMS with four-dimensional assimilation and
tracer transport is computed from an Eulerian
transport model.

The atmospheric model of CSU RAMS with a
four-dimensional  assimilation has  produced
meteorological fields that agree well with observa-
tion and has proved its high potential as a genera-
tor of meteorological data for a long-range trans-
port model. The present transport model produces
reasonable simulations of observed tracer trans-
port, although it was partially successful in the
case with complicated structure in observed con-
centration. Model with Bott's 2nd-order scheme
performs as well as that with Bott’'s 4th-order
scheme and increased explicit horizontal diffusivity.

Diagnosis of the model results indicate that the
present long-range transport model can be further
improved and has a good potential as a framework
for the acid deposition model with detailed cloud
and chemical processes. Improvement in treatment
of vertical diffusion seems important for the imr
provement of model performance.
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