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NOAA'’s HYSPLIT atmospheric transport and dispersion modeling system /

Stein, A.F., Draxler, R.R., Rolph, G.D, Stunder, B.J.B., Cohen, M.D., and Ngan, F.
Bulletin of the American Meteorological Society, 2015, in press.
http://journals.ametsoc.org/doi/abs/10.1175/BAMS-D-14-00110.1

HYSPLIT1

Trajectories and splitting Puffs to account HYSPLIT Hg
for wind shear Cohen et al, 2004

Constant and uniform vertical mixing :
Draxler and Taylor, 1982; Draxler 1982 HYSPLIT - GEM

Hand drawn trajectories based on twice : HYSPLIT4 Application: Hg
daily interpolated radiosonde baloon Trajectories, Puffs, and 3D particles Cohen et al, 2014
observations to detect Russian nuclear test i Mixing from meteorological model :

site MESODIFF | Application: ANATEX, Chernobyl, and
Machta, 1992 Segmented gaussian puff model i Volcanic Ash
i Application:accidental release of radioactive Draxler and Hess, 1998
material. READY web system
Start and Wendell, 1974 ; Wendell, 1972

| | _ I § I | -

HYSPLIT -GEM

Lagrangian to Global Eulerian
Application: Global dust
Wang et al, 2011

Iw i I
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HYSPLIT Chem

! Trajectories combined with Gaussian plume

model : : Application: Ozone
Heffter and Ferber, 1975 : : Draxler, 2000; Stein et al, 2001
HYSPLIT2 :
: HYSPLIT SV
Variable mixing strength B e
Application: CAPTEX | Application: PCDD/F

: Cohen, 2002
- Draxler and Stunder, 1988 H
Gaussian Model '

Dispersion based on Prairie Grass : HYSPLIT4
experiment. Pasquil-Gifford stability. Time varying emissions

Slade, 1966 Application: Forest fires

Rolph et al, 2008; Stein et al, 2008

HYSPLIT3
Uses gridded meteorological data
Application: Sulfate
Draxler, 1992

HYSPLIT can do more than just back-trajectories

Transport and dispersion based on local or rawinsonde data Trans'port and dlsperspn based on
gridded meteorological data
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When puffs grow to sizes
large relative to the
meteorological data grid, they
split, horizontally and/or
vertically

Puffs of

pollutant are

emitted and
dispersed
downwind

5 &

Atmospheric
chemistry and
deposition

simulated for
each puff




Today’s talk will just present

) .
Eulerian-only results, for It's lm!oortant
2005 to fail fast!

These Eulerian-only /\5}\ (Q,C
simulations were much

faster (a few weeks) than
Lagrangian-only and hybrid
Lagrangian-Eulerian
simulations (3-6 months)
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Hg(p) dry dep only

Hg(p) wet and dry dep

Hg(p) wet dep only (wetr=40K)
Hg(p) wet dep only (wetr=80K)
Hg(ll) hv reduction

Hg(ll) SO2 reduction

Hg(ll) reduction

Hg(ll) dry dep only

Hg(ll) wet dep only

Hg(0) wet dep only

Hg(0) all aq phase oxid33 reactions

Hg(0) other gas phase oxid33 reactions

Hg(0) gas-phase 03 oxid 6.0E-21

Hg(0) gas-phase 03 oxid 1.0E-20

Hg(0) dry dep only

Hg(0) gas-phase oh oxid 2.9E-14

Hg(0) oxidation rate 67% — no reduction
Hg(0) oxidation base case — no reduction
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| |

0.01 0.1 1

10

100 1000

1/e Half-Life (years)

June 18, 2015 NOAA Air Resources Laboratory



Study Year was 2005
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Emissions Inventories with|{Net|{Ocean and Terrestrial H/g(ﬂ)*lﬁes

O anthrop Hg(tot)

O anthrop Hg(2) +
Hg(p)

@ anthrop Hg(p)

Bl anthrop Hg(2)

Mercury Emissions (Mg/yr) \\ehY

O anthrop Hg(0)

O total net ocean +
terrestrial Hg(0)

O total net
terrestrial Hg(0)

O total net ocean
Hg(0)
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Grid is too coarse to expect good
agreement with measurements, but...
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modeled vs.
measured Hg(0)
concentrations
during 2005, for
NEERE N E I EILES
in the Great Lakes
region and sites
outside the region
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Hg(ll) + Hg(p) at Reno (Desert Research Inst.) r
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—1:1 line

modeled vs. O Hglll) conc (pg/ma3)
O Hg(p) conc (pg/m3)

measured Hg(ll)

and Hg(p)

concentrations

during 2005

non-Hg(0) conc (pg/m3)

Model estimated total for all
non-elemental mercury is
higher than measurements:

Value from Model Results

I\

Are the measurements too
low or is the model too high?

Measured Value
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=——1:1 line

MDN wet dep in Western/Central GL region (ug/m2-yr)
mOdeIEd VS. MDN wet dep in Eastern GL region (ug/m2-yr)

measured 2005 Hg 2 MDN wet dep in GOM region (ug/m2-yr)
wet deposition for g MDN wet dep - other {ug/m2-yr
Mercury Deposition KT
Network (MDN) S
sites in different E
regions -

S

Measured Value
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Base Case Source Attribution Results
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Base

Base-case results compared with recent CMAQ modeling:
Grant, S. L., M. Kim, P. Lin, K. C. Crist, S. Ghosh and V. R.
Kotamarthi (2014). A simulation study of atmospheric
mercury and its deposition in the Great Lakes. Atmospheric

Environment 94: 164-172.
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Base Case Variation 1 Variation 2 Variation 3
4-D-iii 5-0-i 6-V-i

Oxidation Reactionrates default 60% less default default
Prompt Hg(Il) Conversion 0% 0% 50% 67%

Anthropogenic Emit (Mg/yr) 1930 1930 1930 1930

Land + Reemissions + Ocean

{Net Hg(0) emissions} (Mg/yr) 4350 2300 4350 4350

Particle Fraction of Hg(0)

oxidation 10% 25% 10% 10%
WETR (wet deposition
parameter) 40,000 80,000 40,000 40,000
Great Lakes Hg(0) bias 0% 0% 0% 0%
Great Lakes Hg wet dep bias +2% -8% -10% -14%

June 15, zul> NUAA AIIr Kesources Laporatory 20
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*»» HYSPLIT-Hg Base Case gives reasonable results for 2005

» Several variations also considered, which can also give
reasonable results for 2005

+* Source Attribution results for the different cases are
understandably somewhat different

» However, policy implications of the different modeling
results may not be that different

** Next steps:

» Modeling for more recent years, including detailed model evaluation at
three NOAA/EPA monitoring sites (within AMNet):
Beltsville MD; Grand Bay MS; and Mauna Loa HI

» + Nested grid + explicit sub-surface terrestrial & ocean layers

June 18, 2015 NOAA Air Resources Laboratory 23



Thanks!

ThlS work was partlally funded through
the Great Lakes Restoration Initiative

Great L.akes
RESTORATION




