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The Trajectory Grid approach was
proposed by David Chock, et al, and
has been implemented in CAMXx
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= Perform other process directly on packets, e.g., gas chemistry and dry
- ~deposition; when-possible

= Use Eulerian grid methods when necessary, e.g., to solve for diffusion

= Packets are distributed at roughly the same resolution as the
underlying grid - at most a few packets in each grid cell
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eTREETICE o‘fﬂumerlcaldlffusmn from the
-"‘atlvecﬁtm—solver

= Not subject to Courant number restriction on
time step -

= Flexibility in adjusting spatial reselution for
simulations

future appllcatlon)
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~=__Uses, the same meteorology, emissions, Initial conditions, boundary
conditions, and: photolytic rates input as standard CMAQ

= Role of Eulerian Grid

— Input, such as meteorological data, emissions data, initial conditions and
boundary conditions, is all associated with Eulerian grid cells

— Processes that are potentially global in nature, such as eddy diffusion, do
not have satisfactory Lagrangian models at this time and' are therefore
modeled on a Eulerian grid

— Grouping packets in the same grid cell together is a convenient way to
eep track offwhich packets are close tereach ether

- Outputirom CMA@IS Mos? | isigridded Models-3 110" APl data

mﬁl\‘/aectlon tlme step is chosen so that packets cannot “jump over”

grid cells — for emissions and trajectory accuracy — and Is used as the
synchronization time step




BiESolEh ,c-,r

S A CHETINENEIYEY i O ANCE PECKET UET
OVer it e_so]utrOTrdorrram and to |m|t omputal
as part of the advection precess
= Spawning: When a cell becomes empty, a new packet may be added at its
center; its composition is estimated from nearby packets — likely to be

somewhat inaccurate and diffusive

— Pruning: When a cell becomes overpopulated, some of its packets are
removed — may lose information

= Diffusion is done using algorithms close to those'in standard CMAQ
and for cell average mixing ratios gives the same result as standard
Eulerian, diffusion; however, requirements that the algorithms be
Sitive deflnlte monotonlc and linear at't cket level Wef-emﬂm_
el i e[ diffusion for cells, and

= Chemistry is processed for packet mixing ratios instead of grid cell
mixing ratios. Otherwise, it is unchanged from standard CMAQ.



Advection of checkenboarnd by 2-D
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Numerical diffusion from
Eulerian advection (PPM) in
standard CMAQ

August 23,2000 6:00:00
Min=0.000 at (89.89), Max= 1.000 at (45,45)

CMAQ-TG preserves the .
Min- 00008t (215 Mese 1000 at(1.1) | kerboard pattern almost

perfectly

August 23,2000 6:00:00
Min= 0.000 at(1.1). Max= 1.000 at (43.1)



Advection 6 SPOS mound phy:2-D. rotation

b=CONC.vo1l.adv

89
a=CONC.adv.2000236
150.00089
140.000
130.000 .
1

89

Standard CMAQ

August 24,2000 0:00:00

120.000 Min=100.036 at (89,89). Max= 133.761 at (29,29)

a=AVG_MIX.vol.base

110.000 89
100.000 1
S ” CMAQ-TG
August 23,2000 0:00:00 =
Min= 100.062 at (89,89), Max= 150.000 at (29,29)
e
1
1 89

August 24,2000 0:00:00
Min=100.036 at (89,89), Max= 150.000 at (29,29)

After 24 hours, standard CMAQ has reduced the peak height by
over 30% while CMAQ-TG has preserved the peak



* Uses tracer species available in CMAQ. In both cases the sumiof the three

~concentrations should be zero.

IC1 BC1 - IC1 BCO - ICO_BC1

CMAQ-TG

Standard CMAQ

Layer 1

(-0.0000, 0.0000)

(-0.0190, 0.0238)

Layer 13

(-0.0000, 0.0000)

(-0.2316, 0.1127)

Row 31

(-0.0000, 0.0000)

(-0.0867, 0.0468)

SPOS A - SPOS B - SPOS C

—

a

CMAQ-TG

1 0.3227)

(-0.0010, 0.0013)

(-2.0829, 1.4139)

Row 31

(-0.0028, 0.0021)

(-0.2743, 0.2470)

Linearity of CMAQ-TG transport is excellent
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Cells inside the box areinitialized with N2 uniformly spaced packets; cells
— outside the box are initialized with just ene packet at the center

High resolution cells are never allowed to be empty, except when spawning
IS turned off

=  Spawning options
— No Fill: never add packets to interior cells, I.e., turn off spawning -
— Fill All: never allow any cell to be empty (default)

— Sparse Fill: spawn in an interior low resolution cell it it Is empty and is
surrounded by empty cells

= Pruning options
— No pruning
- Eep packets|

Parameters:
= Pruning frequency (number of time steps)
= Number of packets to keep after pruning
= Tolerance above number to keep before pruning is triggered



Packet Management Challenge

EVer riorl=clivercerit flow calr DE d PDIODIE]]]

Stretching wind Initially 4 packets/cell

Minimum packet count
Stretching wind; no spawning or pruning

August 23,2000 0:00:00 August 23,2000 0:00:00
E Min=0.000 at (7,24), Max= 4.000 at(1,1)

Initially 9 packets/cell ally 16 packets/cell

Minimum packet count Minimum packet count
Stretching wind; no spawning or pruning Stretching wind; no spawning or pruning

9.000 B9 S OoUn O o olod o 16.000 B9 ey ey ey L T
1 1™ Bl e Y el e e
8'000 - k am ] - am 3 -

. - - = Fibt L -l ol L
7.000 AR ALY Bl Ak R ;.':3;-'_ L IR L AR L

| ! (TR BUE R RLET

5.000
5.000
4.000
3.000
2.000

1.000

0.000

August 23,2000 0:00:00 August 23,2000 0:00:00
Min= 0.000 at(9,31). Max= 9.000 at (1,6) Min=0.000at(7,35). Max= 16.000 at (1.3)

Without spawning, get empty cells even when starting with 16 packets in each cell



Packet VManagement Challenge; continuead

Initially 25 packets/cell Initially 25 packets/cell

Minimum packet count Maximum packet count
Stretching wind; no spawning or pruning ' Stretching wind; no spawning or pruning
25.000 89 50.000 89

Aith e

23.000
45.000

to guarantee every cell

. w0 R EFSRETER I always has a packet,
but then all cells have
_ B _ too many packets

30.000
13.000

11000 | =Rl iRt A = T 25000 1

August 23,2000 0:00:00 August 23,2000 0:00:00
Min= 11.000 at (45,29), Max= 25.000 at (3.3) Min= 25.000at (1,1), Max= 50.000 at(7,45)

Initially 4 packets/cell

Maximum packet count
Stretching wind; no spawning or pruning

10.000 89

Since chemistry is done for each

packet individually, even starting with
saoo [ R uires pruning for TG to

be computationally competitive with
coor R SRR ST an Eulerian method at the same
resolution

4000 4

August 23,2000 0:00:00
Min= 4.000at(1,1), Max= 10.000 at (1,37)



Comparison ofi CMAQ-TG with; Std CMAQ and

L0 NOAA—AL vs Cctm. CONC CO: NOAA—AL
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Comparlson of CMAQ- TG with Std CMAQ anad

L0 NOAA—AL vs ctm, CONC CO: NOAA—AL
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Comparnsoen, 6fi packel management strategies

SO NOAA—AL
T T
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S Delault start with 4' packetsineach cell.in layensidié&a 2y 1 in upper layers

HIRO:
FRZS:

startwithid packetper cell m all layers
start with 4 packets per cell in all'layers

(Default spawning rule: never allow any cell to be empty)

Good agreement between all 3 strategies — starting with 1 packet
looks OK




Comparison ofi packet management strategies

HCHO (pphk)

Default: start with 4 packets in each cell in layers 1 & 2, 1 in upper layers; never
allow any cell to be empty
D HROFStantwith 1 packet per cell in all layers; never allew. any. cell.toae. empty,
SEHR2BE stant with' 4 packetsipencellin all layers; neverallow any cell to'lbe empty™
SRE:. stantwithid packetrimevery cell, spawn new packet only when cell
and all"hoerizontal neighbors are empty

Good agreement between first 3 strategies — starting with 1 packet
looks OK

The last strategy is much faster, but not as accurate



03 (ppb)

e cheaper, bukWweaker: strategy
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start with 1 packet per cell in all layers, never allow any cell to be empty.

start with 1 packet in every cell, spawn new packet only when cell
and all horizontal neighbors are empty




Timing Results

putation Time (h

S | # Packets/Cell

Time

t(

e T~
10-3 sec)

: CMAQ-TG (124,085 cells): High resolution in bottom 2 layers (default)

1 Day Computation Time (h) | # SyncSteps | # Packets/Cell | Time/SyncStep/Packet (10-3 sec) | Time/SyncStep (sec)
8/25/2000 8.58 643 2.218 0.175 48.037
8/28/2000 7.65 550 2.213 0.182 50.073

CMAQ-TG (124,085 cells): No high resolution layers (hr0) I
Day Computation Time (h) | # SyncSteps | # Packets/Cell | Time/SyncStep/Packet (10-3 sec) | Time/SyncStep (sec)
8/25/2000 8.31 643 2.128 0.176 46.505
8/28/2000 7.27 550 2.105 0.182 47582
"CMAQ-TG (124,085 cells): High resolution in all layers (hr23

148 66.842
550 3.646 0.153 69.014
CMAQ-TG (124,085 cells): No high resolution layers; sparse fill (spf)
Day Computation Time (h) | # SyncSteps | # Packets/Cell | Time/SyncStep/Packet (10-3 sec) | Time/SyncStep (sec)
8/25/2000 547 643 0.902 0.273 30.612
8/28/2000 447 550 0.902 0.261 29.227




Comparisen of daily: maximum 6zene

August 25,2000 0:00:00
Min= 0.038 at (7.1), Max= 0.178 at(18,33)

Layer 1 CMAQ

MAX(03)

August 25,2000 0:00:00
Min= 0.037 at (5.5). Max= 0.162 at(20,31)

Layer 9 CMAQ-TG(AfltAVG_MIX)

MAX(03)
0.180 &5

0.160

August 25,2000 0:00:00
Min= 0.039 at(6.1), Max= 0.150 at (156,35)

Layer 1 CMAQ-TG(dfItAVG_MIX)

MAX(03)
0.180 g5

0.160

0.1490

August 25,2000 0:00:00
0.037 at (5.5). Max=0.136 at (20,32)




0.120 65 = = 0.120 &5
0.110 0.110
0.100 0.100

0.090 . I3 : 0.090

0.080 0.080

0.070 Ny g ) 0.070
0.060 0.060
0.050 ; ' 0.050
0.090 0.090

0.030 1

August 28,2000 0:00:00 August 28,2000 0:00:00
Min= 0.039 at(18.8), Max= 0.122 at (18.,48) Min= 0.039 at (18,7), Max- 0.118 at(17.49)

Layer 1 CMAQ Layer 1 CMAQ-TG(dfItAVG_MIX)

MAX(03) MAX(03)
0.120 85 =

0.110
0.100
0.090
0.080
0.070
0.060
0.050

0.0490

August 28,2000 0:00:00 August 28,2000 0:00:00
Min= 0.034 at(9,13). Max= 0.116 at (23.41) Min= 0.034 at (9,13). Max= 0.113 at(22,41)
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.= Capable of completely eliminating numerical diffusion from the

— advection algorithm (depends on spawning and pruning strategies)

= \While some comparisons of CMAQ-TG with standard CMAQ
validate CMAQ-TG, the comparisons of maximum daily ozone leave
unanswered guestions

= Packet management strategies and their consequences need further,
investigation - effective packet management may. be the biggest
obstacle to CMAQ-TG becoming a competitive approach

= Should improve modeling of physical diffusion and gain a better
enstanding of possible diffusion caused by spawning and pruning..
lant to, add features so that CMAQ-TG > used for other
pplications AINGISE 2PLOr relations
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