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" Objective

To show the current capabilities of RegCM4.5 to
simulate the atmospheric chemistry of gases and
aerosol and their feedbacks

~ Outline

- -Climate system (atmospheric chemistry perspective)
-Regional climate chemistry model

-Ozone modeling

-Aerosol modeling
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Why Chemistry Modeling?
Basic Components

grgeecr:zlélouse Gases: CO2, CH4, H20, Acids: H2S04, HNO3, HCL

SO, =P H,50,
Solar radiation powers NO, == HNO3
the climate system. M -~

Some solar radiation
is reflected by
the Earth and the
atmosphere.

bout half the solar radiation
is absorbed by the
Earth’s surface and warms it. Infrared radiation is
emitted from the Earth’s
surface.
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Aerosol Feedbacks

Clouds and
Precipitation

Aerosol-Cloud
Interactions (aci)

Aerosol-Radiation
Interactions (ari)

Anthropogenic

Sources Greenhouse

Gases Radiative Forcing
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Additional state
variables

* Moisture and Winds
es« Adjustments ««d»| ¢ Temperature Profile
* Regional Variability
* Biosphere

J

—

Effective Radiative
Forcing (ERF) and
Feedbacks
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Temperature
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Irradiance Changes from Irradiance Changes from
Aerosol-Radiation Interactions (ari) Aerosol-Cloud Interactions (aci)

\ \ \ \ \ \ 4
Radiative forcing of climate between 1750 and 2011

Forcing agent
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Sources

H,S0,, HNO,,

Organic aerosol
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NO,, SO,, NH,, POA
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Spatial and Temporal Scales for atmospheric composition

Microscale Urban scale Regional or Mesoscale Synoptic to Global scale

10m 100m 1km 10km 100km  1000km 10,000km




RegCM4 Regional Climate Model

Global Climate model is an Initial
Value problem (we need to specify the
initial values and then let the model
goes forward)

—

a4 Regional climate model is boundary
e

“ A&, value problem (we need to know the
- boundary conditions for the whole
period of simulation) and the model
will deduce the fine details (the added

value) .
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RegCMA4.5 framework
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What is CBMZ chemical mechanism?

Inorganic Chemastry

NO, + hv =3 NO + O(*P) INO,

NOj + hv — 0.89NO; + 0.890(°F) + 0.11NO JNO,

HNO; + hv — OH + NO JHNO,

HNOs; + hv — OH + NO2 J][N03

HNO4 + hv — HO2 + NO» JuNno,

03 + hy — O(QP) J03a

O3 + hv - O('D) Josb

H202 + hy — 20H JH,0,

O('D) + 0, — O(®*P) + 0O, 3.2 x 107" exp (70/T)

O(*D) + Ny — O(*P) + N, 1.8 x 107" exp (110/T)

O('D) + H,0O — 20H 2.2 x 1071°

Paraffin Chemistry

CHs + OH 2% CH;0, T%%%72.8 x 10™** exp (-1575/T)
C;Hg + OH — ETHP T?1.5 x 1077 exp (—492/T)
PAR + OH — RO, 8.1 x 107"
CH30H + OH — HCHO + HO» 6.7 x 1072 exp (—600/T)
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Olefin chemistry

ETH + O3 — HCHO + 0.22HO; + 0.120H + 0.24CO

+ 0.24C02 + 0.52HCOOH
ETH + OH — X032 + 1.56HCHO + IIO: + 0.22ALD2
OLET + O3 — 0.57THCHO + 0.47ALD2 + 0.330H

+ 0.26HO» + 0.08H> + 0.07CH302 + 0.06ETHP

+ 0.03RO2 + 0.13C203 + 0.04MGLY + 0.03CH3;0H

+ 0.06CH4 + 0.01C2Hg + 0.31CO + 0.22C0,

+ 0.22HCOOH + 0.09RCOOH - 1.06PAR

Carbonyl Chemistry

HCHO + hv 23 2HO, + CO
HCHO + hv — CO

HCHO + OH 23 HO, | CO

HCHO + NOs 3 HNO; 4+ HO; + CO
o Aromatic Chemistry
' TOL + OH —> 0.08XO2 + 0.2HO» + 0.12CRES
i + 0.8T0;
XYL + OH — 0.5XO; + 0.55HO; + 0.8MGLY
___+ LIPAR + 0.45TO> + 0.05CRES

Isoprene Chemistry
ISOP + OH — ISOPD + 0.08X02
ISOP + O3 — 0.6HCHO + 0.65ISOPRD + 0.270H
+ 0.07CO + 0.39RCOOH + 0.07THO2 + 0.15ALD2
+ 0.2X0y + 0.2C;04
ISOP + NO3 — ISOPN

1.2 x 107'* exp (—2630/T)

F(1.0(-28), 0.8, 8.8(-12), 0.0)
4.2 x 1071 exp (—1800/T)

JHCHOa
JHCHOb

1.0 x 10~
3.4 x 107" exp (—=1900/7)

2.1 x 107'% exp (322/T)

1.7 x 10~ exp (116/T)

2.55 x 107! exp (409/T)
1.2 x 107 exp (—2013/7)

-12
3.0 x 107 exPﬁ:iMGL



Number of reaction 132
Total number of Species 58
Number of transported species 30

Number of Alkane

3 (CH4, C2H6, PAR)

| Number of Alkene

3+1(Isoprene)

- | Number of Aromatic

3 (TOLU, XYL, CRES)

1 Calculating the time evolution of gas-phase chemistry requires an integration of a

(C'I'P
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set of stiff ordinary differential equations and is among the most computationally
expensive operations performed in a climate chemistry model.
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Global Emission

IIASA emission is global 0.5 degrees resolution, which has nine substances,
SO2, total VOC, CH4, CO, NOx, NH3, BC, OC, PM2.5 and it is consistent with
RCP (Representitive Concentration Pathway) sectors (industry, energy,
transport, etc.)
_ IIASA emissions available for 2005, 2010, 2030, and 2050

1-RegCMA4.5 interpolate and regrid these global map to the model grid.
W 2-derives the corresponding VOCs in a consistent way from the Total VOC.

Anthropogenic Nox 2005

. Unit=Kkg/m2/s
3 = 1E-10

SE-11
1E-11
SE-12
1E-12
SE-13
1E-13
SE-14
1E-14
SE-15
0




| 5 RegCM4.5 framework (cont.)

Emissions data (ITASA emission)

Sﬁ?ﬁple data represents

Eeg%%4.5

(C'I'P

ions used by
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] RegCM4.5 (cont.)

Chemistry Boundary Conditions

Sample from chemistry
boundary conditions file,

represents SO2, Ozone,
PAN, ISOPRENE.

MOZART global

20°W 10°W 0° 10°E 20°E 30°E 20°W 10°W 0° 10°E 20°E 30°E

chemistry model has been " EEEEEEEEEEN
used to provide the initial FeErsaEEEEsEEE
PPb SOIHSWOPRENE L5 i ppb

and boundary condition
4.5
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Ozone simulation
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|Ozone simulation: present and

future climatology
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Ex: Simulated Ozone concentration evolution at 750 hpa — June 2006

African biomass burning producing high concentration of troposheric ozone over the tropical
Atlantic (a well known seasonal anomaly of global atmospheric chemistry)
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Aerosol simulation
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t Processes (Dust life cycle)

-Turbulence

-Convection -Chemical reactions
-Cyclone -Sulfate

-Global Circulation -Sea Salt

-Iron solubility

Impact . -Dry Deposi.ti'on
-wind shear Scattering, -Wet Deposition
-Saltation Absorping
-Soil moisture CCN e
-Vegetation o ——
T Feedback
g Ty 4 1

S

B

-Phytoplankton

a ~ Land Processes - Ocean Processes 5 S
-Water erosion Stabilization e == -Mineralization
-Desertification o = - e, TS -Sedimentation
-Land use ‘s( s B o

e 5 -
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Physical Processes in a Dust Storm

(Saltation and Sandblasting)

* The forces acting on the dust particles are:
1-particle weight; 2-wind shear stress; 3-interparticle cohesion force.

» Saltation of large particles is initiated when the friction velocity exceed the
threshold value. (Saltation)

* Large particles bombard fine particles aggregates causing breaking of the binding
force within the aggregate and leading to suspension. (Sandblasting)

The vertical dust flux is

mtional to the e o g
ntal dust flux, e o

in turn depends on
velocity.
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IASA Ea th Observato ries
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: 2011-03-29 22-21-34 Version: 3.01 Nominal Nighttime

CALIPSO
The Cloud Aerosol Lidar and
Infrared Pathfinder Satellite
Observation



532 nm Total Attenuated Backscatter, km™ sr' UTC: 2011-03-29 22:35:02.5 to 2011-03-29 22:48:31.2 Version: 3.01 Nominal Nighttime
|

E
R
)
T
2
=
<

Lat 27.48 21.38 15.28 9.17 3.05 -3.06
Lon 51.71 50.23 48.83 47.49 46.18 44.88

Detailed Information can be retrieved from

CALIPSO
1-Aerosol concentration and height

2-Acerosol type (Absorbing or Scattering )
3-Acrosol shape (spherical or non-spherical)




AErosol RObotic NETwork
(AERONET)
http://aeronet.gsfc.nasa.gov/

AERONET provides the most
valuable information about the
atmospheric aerosols.

1-The aerosol optical depth
(aerosols densities)

2-The aerosol size distribution
(aerosols type)

3-The aerosol radiative effects
(Cooling and heating rates)
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MISR AOD

Solomn et al, 2012 CR.
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Dust04 concentration and surface win
0600 UTC 1 Mar 2012
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Dust04 concentration at Wind 500 hPa
0600 UTC 1 Mar 2012
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The Bottom of the atmosphere

radiative forcing

Blue is the AERONET, RED is

model
The model underestimates the

Radiative forcing in BOT and

TOA
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The Top of the atmosphere

radiative forcing

Blue is the AERONET, RED is

model

This result shows a pronounced
difference between northern

and southern climatology of

dusty season

- _ .| Global Temperatures |
' il AR
. pe §
5 o H oy
g C ie iy
Bk

Vp

RT

+fkxV+Vb+

UAE
T T T T T T T 11

R ——

..............

—— L e e ]

- ———

-— T —— ——— =]

——)

..................

=3 L= - I~ D - D - . B
A4 VOL 44 YOL
.....................................
e ————— - —— — —— seq
lllll — - o —— Aoy
—_———rT e —— - o — 4 ¥0
L f—— T ———— - D —— — o ds
M - r————————— !Qh o —_————— Ty
= ————_—.—o———— N ————m—— w
- L P ——— ) ——— ——— — - —————— iy
w - —— — T — — — o — ] - - —— Y — i —— o 4o
Tk eee————er ————— p— - - —T e o =lr
- -— e — — — —— ] - — T e . e e e ] "R
—— e e ] = - e — —— 4
L e —————— - ——r— — — | ™y
P P aala s laaala ad
2 o - °o 1 % u_“
A4 VOL 44 YOL
||I_ﬂu. |||||| I_nnuul. J J J a9q
- — - e ——— Ao
- —— — - —o—— ¥0
—————— - o —— deg
b ——————— - e ———— uy
T — T—— R - M—— ™
I SE— - o b |
St — — T - ——e————— - 4on
Fr———re————— - ~r———————— oIy
———r—a———————— - - ———— R
- e e e ] - —ee———— - ¥4
b c—e———— - o —— ™
A PPN PP EPIPIPE TPPEPE PP | R I TPPIP PP IPRPIPN SPRPIP BPUPP P
© g 2 § g & © = @ o =
i L
J4 VoL

—
= |
v/

N

il




zm

- L-‘S--‘-"’ - e ?\g'.'l‘

1
wrJ
=

—,-“;'.S:;!;-'_’_.: * 3

P ol

"Yr: | ;’ "“\ \ .
\.".'h B ““.i':'“/.
Y Ton e -

R s

L] -
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[CO] modeled (ppbv)
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Comparison between Stallite data MOPITT and model
output over Great Cairo.
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