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HIGHLIGHTS

* A joint report to be issued by this group in the June 1997 timeframewill have the
following outline:

1. Global Warming Potentials,

a. Definitions

b. Pulse Size

c. Time Horizon - T

2. Concerns For Natural Gas Industry

3. Direct Global Warming Potentials
a. Radiative Forcing
b. Response time or lifetime

4. Indirect Global Warming Potentials
a. Ozone
b. Water Vapor

5. Effects of Non Methane Hydrocarbons
6. Data
7. Conclusions.

» Good agreement between NCAR and LLNL 2-D model methane lifetime values
(8 - 9) years.

« Initial 3-D GRANTOUR chemistry-transport model pulse response time reported by
LLNL of ~12 years agrees with NCAR 2-D model response time.

« NCAR 3-D Mozart chemistry model can be used to look at methane and ozone
distributions.

« Integrated Assessment Models are needed to look at methane and carbon dioxide
emission scenarios.






ABSTRACTS

Atmospheric Chemistry, Climate Change, and Climate
Policy Considerations Related to Methane

Donald J. Wuebbles

University of Hlinois - -
Department of Atmospheric Sciences

Methane is an important greenhouse gas which affects the atmosphere directly by the
absorption and re-emission of infrared radiation as well as indirectly, through chemical
interactions. Emissions of several important greenhouse gases (GHGs) including methane
are increasing, mainly due to human activity. Higher concentrations of these gases in the
atmosphere are projected to cause a decrease in the amount of infrared radiation escaping
to space, and a subsequent warming of global climate. It is therefore vital to understand
not only the causes of increased production of methane and other GHGs, but the effect of
higher GHG concentrations on climate, and the possibilities for reductions of these
emissions.

In GRI-UIUC methane project, the role of methane in climate change and
greenhouse gas abatement strategies is being studied using several distinct approaches.
First, a detailed treatment of the mechanisms controlling each important methane source
and sink, and hence the atmospheric concentration of methane, is being developed for use
with the UIUC Integrated Science Assessment Model. The focus of this study is to
resolve the factors which determine methane emissions and removal, including human
population, land use, energy demand, global temperature, and regional concentrations of
the hydroxyl radical, carbon monoxide, nitrous oxides, non-methane hydrocarbons, water
vapour, troposphenc and stratospherlc ozone. -



Methane Modeling and Abatement Studies
D. J. Wuebbles, K. A. S. Hayhoe, and A. Jain

University of Illinois
Department of Atmospheric Sciences

A study is being conducted which considers the economic and climatic benefits of
simultaneous carbon dioxide (CO2) and methane (CH4) abatement, as opposed to carbon
dioxide abatement alone. Estimates of the costs associated with methane abatement have
been compiled and an empirical abatement cost for methane emissions derived, in a
similar manner to accepted carbon dioxide abatement cost functions. The methane
abatement function has now been applied using the Economic Greenhouse Gas
Abatement Model (EGGAM), a numerical model developed as a component of this
project. A least-cost approach is taken to compare the costs of CO2 to simultaneous CO2
and CH4 emission reductions under the restrictions imposed by various scenarios for the
stabilization or reduction of greenhouse gases and radiative forcing. Recent results
demonstrate that near-term reductions in methane could be obtained at relatively low cost
when compared to the equivalent amount of carbon dioxide abatement. However, in
order to meet long-term commitments to reductions in radiative forcing or CO2-
equivalent greenhouse gas emissions, significant reduction of carbon dioxide emissions is
also necessary.

Lastly, it was also proposed to evaluate the climatic impact of fuel-switching, one
of the short-term mitigation strategies discussed by the IPCC (1996). Changes in
emissions of carbon dioxide, methane, and sulfate aerosols associated the replacement of
coal use by natural gas in the utility sector have now been assessed. The impact of these
changes on climate have been modelled, showing that the climatic benefits-of fuel-
switching will not become apparent for at least a decade due to the initial reduction in
aerosol emissions. In addition, the overall benefits are very sensitive to the sulfur content
of the coal used, the fraction of natural gas lost during extraction and transportation, and
particularly the value of radiative forcing for sulfate aerosols within the range given by
the JPCC (1996).




Methane Perturbation Lifetimes for Global Warming
Potential Calculations

Jane Dignon, Allen S. Grossman, and Keith E. Grant

Atmdspheric Science Division
Lawrence Livermore National Laboratory
- " Livermore, Ca.; 94550 o

An ambient atmospheric model obtained using the LLNL GRANTOUR 3-D
chemistry-transport modal was analyzed to obtain average methane lifetimes that were
used to calculate Global Warming Potentials (GWP’s). The methane chemical lifetimes in
each of the twenty five thousand GRANTOUR parcels was calculated using a
perturbation model applied to a simplified, three reaction chemistry set consisting of the
species CHy, CO, and OH. Appropriate global ensemble average CHg4 lifetimes were
calculated for the ambient atmosphere and for an atmosphere in which a small methane
pulse was applied. Effects of non methane hydrocarbon species were simulated by
including isoprene in the ambient atmosphere. The differences between 2-D and 3-D
models were investigated by comparing the lifetime analyses in a zonally averaged 3-D
model to those of the 3-D model. The effect of different CH4 lifetimes on the GWP will
be discussed. The results of the calculations give unperturbed CHg4 lifetimes of ~8 years
which is in good agreement with the latest published results (8.0 - 8.9 years). CHy pulse
lifetimes of ~12 years were obtained with the perturbatton model. When isoprene is not
included in the ambient atmosphere the lifetimes decrease by about ten percent.
Approximate direct GWP’s for CH4 obtained with the perturbation model were 44, 17,
and 5 for forcing times of 20, 100, and 500 years respectively. Future calculations will
involve GRANTOUR calculations of ambient atmospheres using the full seventy six
prognostic species and perturbation lifetime analyses. LLNL 2-D model runs will be used
to evaluate indirect ozone and water vapor GWP’s.




Estimates of the Methane Response Time With the NCAR 2-D Model
T. Huang
NCAR

It is well known that CH4 perturbation decays more slowly then by its

implied lifetime because of the OH feedback effect, which may have

a significant impact on the calculation of the GWPfrom the -
conventional formulation. The methane reponse time is estimated with the

up dated NCAR two-dimensional model that includes relatively detailed
tropospheric chemistry of hydrocarbon species, in addition to the NOy and
HOX species. The methane concentration was increased by 20% and 50% from
the CH4 level of the base control run to a steady state condition. The OH
tropospheric concentration was decreased by 6% and 12%, for the CH4
increase of 20% and 50% respectively. With the feedback factor (F) defined

as the relative percentage change in the OH amount for a 1% increase in

CH4 concentration, the ratio of CH4 adjustment time and the CH4

lifetime can be derived as 1/(1+F). With this formulation, the model
calculation implies that the CH4 response time depends on the size of the
perturbation, with an increase from its lifetime by 42% for a 20%

perturbation on CH4, and an increase from its lifetime by 31% for a 50%
perturbation on CH4.

Exploratory Studies of Methane Chemistry
S. Madronich
NCAR

We have carried out several modeling studies of the non-linear photochemistry of
methane in the troposphere. These included (a) a re-examination of the OH production
from the photolysis of tropospheric ozone, with a re-evaluation of quantum yields
based on model-measurement comparisons; (b) observation of increased CO and CH4
levels in the tropics, for several months after the Mt. Pinatubo eruptions, that can be
explained by lower OH formation (again from ozone photolysis) due to enhanced
stratospheric SO2 and sulfate aerosols and associated reduction of UV transmission
through the stratosphere to the troposphere; (c) detailed characterization of
tropospheric chemical oscillations, including an analytic formulation for the

period of oscillation; and (d) sensitivity studies on the role of aerosols in

the removal of oxigenated organics from the boundary layer, with the implication

that if such processes are indeed common, the effect of non-methane hydrocarbons

on oxidant levels (e.g., ozone, OH) is considerably smaller than currently

allowed in the models.




Jane Dignon
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Lawrence Livermore National Laboratory
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INTRODUCTION
OUTLINE OF THE CALCULATION

* An ambient atmospheric model obtained using the LLNL GRANTOUR

3-D chemistry-transport model will be analyzed to obtain average methane

lifetimes that can be used for Global Warming Potential (GWP)
calculations. |

* The methane chemical lifetimes wil be calculated in each of the 25000

GRANTOUR parcels using a simplified perturbation model suggested by
M. Prather (1 994). |

* An appropiate global average lifetime will be obtained for use in GWP
calculations.

* Effects of non methane hydrocarbons will be simulated by including

isoprene in the chemical model. Ambient model runs both with and without
Isoprene will be analyzed for lifetime differences.

- * The differences between 2-D models and 3-D models will be discussed by

comparing lifetime analyses from the zonally averaged 3-D model to those
of the 3-D model. |




OUTLINE OF PRESENTATION
1 ¢ Introduction
2 * GRANTOUR Model

3 * Methane Lifetime Perturbation Model

4 « 3-D Results
5 ¢ 2-D Results
6 ¢ Methane Lifetime and GWP Estimates




We’ve developed a dlobal, three-dimensional, photochemical-
transport-deposition model (GRANTOUR)

METHOD: Lagrangian parcel
6 rtime step

CHEMISTRY: 76 prognostic species:

Oz, OH, NO,, PAN, HNOj3, CO, CH,, CaoHg, CaHg,
C4.5 & Cg g alkanes, isoprene, alkenes, aromatics, elc.
(Lurmann et al., 1986: Sillman, 1991)

METEOROLOGY: ccMm1 (present); ECHAM (future)
| 4.5 x 7.5 degree resolution
Seasonal (Jan - Dec)
Updated every 12 hrs




GRANTOUR Model Description L

Method: _agrangian parcel (25K constant mass parcels)

Chemistry: ~rather (1994) simple chemistry
OH, CHa, CO and X

Meteorology: General Circulation Model (interactive or off-line)

ECHAM
NCAR's CCM
Jan-Dec; 12 hr updates
Emissions:
Natural Anthropogenic
Isoprene* (NMHCs) Fossil Fuel

Oceans Biomass burning



2 model scenarios [g
e

Without NMHCs:

model chemistry with CO, CHa and OH only.

With NMHCs

Isoprene was used as a surrogate for NMHCs

Yield of CO from iso
Altschuller (
al. (1994)

Prene was obtained from the work of
1991), Hatakeyama et al. (1991), and Hatakeyama et




Donald J. Wuebbles

University of Illinois
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OH Surface Concentration [cwfj]
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CH, Concentration at 500mb
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CO Concentration at 500 mb
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* Using average values of [CH4], [CO], [OH], k1, k2, k3[X], SCH4, SCO,
and SOH taken from the ambient model, the above set of equations
are solved for [CH4] as a function of time for a small methane perturbation.

APPROXIMATE METHANE PERTURBATION MODEL

* This result is used to obtain a perturbation lifetime. For the baseline
atmosphere an unperturbed (constant [OH], [CO] ) methane lifetime of ~8 years

is obtained compared to a perturbed lifetime (variable [OH] and [CO])
of ~12.0 years obtained from the model run.

* These results are in agreement with those of Prinn et al. (1995) which give
unperturbed methane lifetimes of between 8.0 and 8.9 years based on new
determinations of CH3CCI3 lifetimes and OH concentrations.

e Calculations are performed for the months of January, March, July, and
September.

» Global average lifetimes are obtained by taking a methane mass weighted

average of the inverse lifetimes (perturbation and basic) for each GRANTOUR
parcel .
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APPROXIMATE METHANE PERTURBATION MODEL

* Following Prather (1994), the response of the atmosphere to a methane

perturbation can be approximated by the solution of the following
equation set. '

OH + CH, ==> (multiple steps) ==> CO + products (1

OH + CO ==> CO, + H (2)

OH + X ==> producls _ (3)
with rates

R, = k; [OH] [CH,] (4)

R, = k, [OH] [CO] _ (5)

R; = ky [OH] [X]. (6)

The only product we are concerned with is the production of CO in R,. The
inclusion of surrogate X allows for OH sinks thal are independent of the CH,-
CO system. The time-dependent equations describing the concentrations [CH,],
[CO), and [OH] are then,

dICH,Jdl = Sy - Py - )
d[OHYdl = Sgy - Ry - Ry - Ry (9)

where coristant source lterms (S) for each species are included. Al steady slale
(i.e., d[Jdt = 0), one can show that R, = S, and then R, = S¢o + Sgyye- Thus
positive solutions for [OH] occur only it S, > 2xSepg + Sco i-€., the source of
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3-D MODEL RESULTS

* GRANTOUR Results for CH4, CO, and OH concentrations.

* Sample distribution of methane lifetimes for a GRANTOUR run.

* Perturbation model results for the perturbed methane lifetime, unperturbed
methane lifetime, and perturbed lifetime to unperturbed lifetime ratlo.



Function

Lifetime Distribution

STANDARD METHANE LIFETIME DISTRIBUTION
FOR 25000 GRANTOUR CELLS FOR JANUARY
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ANNUAL VARIATION OF METHANE CHEMICAL LIFETIMES (WITH AND WITHOUT ISOPRENE)
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APPROXIMATE 2-D/3-D MODEL COMPARISON

* The 3-D GRANTOUR results were mapped onto a longitudinally
averaged 2-D grid containing 16 latitudes and 23 altitudes.

e The perturbation model was run at each latitude and altitude point to
calculate the methane lifetimes.

e Appropiate latitudinal and mass averages of tthe inverse lifetimes were
taken to obtain the global average lifetime.

* The results are compared to those obtained with the full 3-D model data
set.

]



ANNUAL VARIATION OF METHANE CHEMICAL LIFETIMES (WITH ISOPRENE) 2-D/3-D COMPARISON
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Global Warming Potentials (GWPs) —

IPCC (1990, 1992) o C
L
'l' \Q (x) dt
GWP ixt; - -to -
\Q (CO dt ,
s

AQ (x) = radiative forcing (at tropopause) following a per
unit mass increase in the emission into the atmosphere
of species X.

Global Warming Potentials are a relative measure of the possible globally-
averaged warming effect from the per unit mass instantaneous release of a
greenhouse gas as compared to that from the per unit mass instantaneous
emission ot CO,,

s e iR e o el s . i e i Y AT e 82
e D e S i AR PR A T P S P . X Rk . S A %' e Zedl B Sl genia Oy

GWPs provide a means ot comparing the effects of emission control
strategies for different greenhouse gases.

oo 292dal ¢



SENSITIVITY OF GWP TO METHANE LIFETIMES

* Given two methane lifetimes ( 11 and t2) the change in GWP can be
expressed as

AGWP =t1/12*[1-exp(-t 1) ]/[1 - exp(- t 12) ]
e For t values of 100 and 500 years the AGWP is the lifetime ratio.
* For at value of 20 years the AGWP will be
0.81, 11 =12yrs, 12 = 18 years, 11 / 12 = 0.67
1.33, 11 =12yrs, 2 =8 years,t1/12=1.5

1.05, 11 =8 yrs, 2 =7.5years, 71 /12 =1.07
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ESTIMATE OF GLOBAL WARMING POTENTIALS

¢ Estimates of the new direct GWP of methane are made using:

1. Lifetime from the simlified box model,

2. Instantaneous radiative forcing formula from IPCC (1990),
3. Approximate GWP model.

4. CFC11 lifetime and GWP (IPCC, 1994)

Lifetime GWP(20y) GWP(100y) GWP(500y)
IPCC(94) 12-18 (Direct + Indirect) 48 - 90 20 - 43 8-15
LLNL(94) 17.44  (Direct + Indirect) 79 35 11
LLNL(94) 17.44  (Direct) 53 23 7

LLNL(97) 11.95 (Direct) 44 17 5
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FUTURE WORK

* Analyse different GRANTOUR baseline atmospheres (full chemistry)

with different methane compositions ( pre industrial, present day,
assumed future).

 New 2-D model runs using new, fast running, IR and Short Wave
radiation models.

e Obtain 3-D atmosphere runs from IMPACT the new LLNL 3-D
chemistry - transport model. This modal will have a more highly
resolved stratosphere than GRANTOUR.

* New 3 - D calculations of the indirect methane effect (Ozone,
Water Vapor).
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FUTURE WORK

* Analyse different GRANTOUR baseline atmospheres with different
methane compositions ( pre industrial, present day, assumed future).

* Obtain 3-D atmosphere runs from IMPACT the new LLNL 3-D
chemistry - transport model. This modal will have a more highly
resolved stratosphere than GRANTOUR.

* New 3 - D calculations of the indirect methane effect (Ozone,
Water Vapor).
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Change in Radiative Forcing

Greenhouse

gases
CO;
CHy
N.O
CFC-11
CFC-12
CFC-113
CFC-114
CFC-115
Other
SF¢

1750-1994

2.45 Wm-2
1.56
0.47
0.14
0.057
0.12
0.027
0.009
0.002
0.065
0.0024

1993-1994

0.047 Wm-2yr-1
0.03
0.008
0.002
0.0018
0.003
0.0016
0.0002
0.0002

< 0.0001
0.0002
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Table 1. Chemical species included in the model.

1/ Fixed species :

0,: 20.95%

N,: 79.05%

H,O: climatological distribution from ECMWF
H,: 550 ppbv

N,O: 305 ppbv

2/ Long-lived species (for which transport is Eénsi_dered)
inorganic species

Oy ~ ozone

H,0, hydrogen peroxide

HNO, nitric acid

NO,=NO+NO,+HNO+NO,+2N,0; nitrogen oxides (family)
organic species (non oxygenated)

CH, methane

C,H, ethane

CH, ethylene

C,H, \ propylene

C,H, isoprene

CioHis a-pinene

OTHC other hydrocarbons
organic species (oxygenated)

CO ' carbon monoxide

CH,0 formaldehyde

PAN ( CH,CO,NO,) T peroxy-acetyl nitrate

MPAN ( CH,CCH,CO,;NO,) ~ peroxymethacrylic nitrate

CH,O0H ' methyl peroxide

C,H,00H ' ethyl peroxide

C,H,O0HOOH peroxide from propylene

CH,COOOH peracetic acid

3/ Short-lived species (for which transport is not considered)
inorganic species : ‘
O('D) oxygen atom (excited state)

O or OCP) . oxygen atom (fundamental state)
OH hydroxyl radical

HO, . hydroperoxyl radical

NO nitrogen monoxide

NO, nitrogen dioxide

HNO, pernitric acid

NO, nitrogen trioxide

N,O, nitrogen hemipentoxide

carbonyls




CH,CHO

CH,OHCHO

CHOCHO

CH,COCHO

MVK ( CH,CHCOCH,)

MACR ( CH,CCH,CHO)
~ peroxy radicals

CH,0,

C,H,0,

C,H,OHO,

C,H;,OHO,

MOHO,

CH,CO,

MCO, ( CH,CCH,CO;)

_su\ew.
DMS
Cos

Moo (tracin)
Che-1l
C“;CC-Q3
R
Kn.»a \J-nx

" " methylperoxy radical

acetaldehyde
glycolaldehyde
glyoxal
methylglyoxal
methylvinylketone
methacrolein

ethylperoxy radical

peroxy radical from propylene

peroxy radical from isoprene

peroxy radical from MVK and MACR
acetylperoxy radical
peroxymethacrylic radical




03 Integrated Net Production
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Evolution of the CH, Budget

Pre-
Industrial Present Yr 2050
Burden (Tg CHy) . 1760 - 4467 6848
Emission (Tg CH4/yr) ~ 208 (s.5) 487 >625
Photochemical Loss (Tg CHalyr) 205 431 613
Dry Deposition (Tg CHa4/yr) | 3 8 - 12
Photochemical Lifetime (years) 8.6 104 11.2

Global Lifetime (years) - 8.4 10.2 10.9
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‘Nonlinear Response of Methane Change

B C |
O A no CHgx 2
Standard CHgx?2 A-O NMHC  noNMHC C-B

O3 production 6005 6927 922 5100 6144 1044

loss 5133 5790 657 . 4522 5250 728
net productivity 872 1137 265 578 894 316

dry deposition 1218 1362 144 1005 1134 179
top fllllx | 346 225 <121 427 290 -137
CHa lifetime 8.71 1092 +25.4% 8.163 10.629 +30.2%
CHaCCl3 lifetime 4815 - 5.822 +20.9% 4.540. 5.586 +23.0%

Feadback Facka : .26 30 .

.W\‘Fﬁ. NMHC | No NHHQ
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NCAR troposphere/middle atmosphere 2-D Model-
SOCRATES (Simulation Of Chemistry, Radiation And Transport of
Environmentally important Species).

Major features:

e Model domain: 0 - 120 km. -85 to 85 degs lat.

« UV radiative transfer with absorption and scattering by
aerosols and clouds.

e IR radiative effect for CO2, H20, O3, CH4, N2O, CFC11, CFC12,
aerosols, and clouds.

»  Planetary wave model and gravity wave parameterization.

«  Option of stratospheric QBO forcing.

e Over 60 chemical species and 140 chemical reactions

»  Tropospheric chemistry and water vapor transport.

e  Diumal variation of chemical species.




| N3O

2, CHy

K DO 15510

4. NOy=NO+NO2+HNO3+
2*N20s+HO2NO2+NO3+N-+
CIONO2+BrONO2+CINO2

b JUUU HNOj

6.evenene N20Os

S Cly=CI10+0Cl0+

2*C1,0p+HC1+CIONO2+HOCH+
2*Clo+CINO,

8 0,=03+0(3P)+0(1D)
) U CoO

10.......... 0Cl10

| S TRACER
12.......... AEROSOLS
13.......... HC1

14.......... CIONO?
15.......... HOCl
16.......... Ch

17, H201,

18 CINO»
19.......... HBr

20.......... BrONO2
21 NOy =NO +NO2
22 HO2NO?
23, Clo =Cl1 + CIO
24..........BtOy =Br + BrO
25..........C1h02
26...n..... HOBr

27 i, COn

28t C-oHg
29......e. CaHy
30.......... CsHg

31.......... CH-20

32......... PAN (CH3CO3NO2)
33.........H?

34.......... HOy

35.nnn. CEC-10  (CCly)
36...cuunn. CFC-11 (CCI3F)
37 e CFC-12 (CChEFp)
38...ccc.e.. CFC-113  (CaCl3F3)
39 e CFC-114 (CaClaE4)
40.......... CFC-115 (CaClFs)
41.......... HCFC-22 (CHCIF?)
42 ......... CH3CClI;
43.......... CH;Cl -

44 ... CCI0

45.......... CCIFO

46.......... CF70

47, Ha-1211  (CF2CIBr)
48......e. Ha-1301 (CFs3Br)
49.......... HF

50 CH3Br

Sl Bry=Br+BrO+HOBr+
' HBr+BrONQO2+BrCl
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2 CH;00H
K J C2Hs02
4. C2HsOOH
S CH3CHO
Gueenraee CH5;CO3
i S CH3;COOOH
S C3HcOHO2
1> OTOIN C3HgOHOOH
10..........BrCl
Table dc_Short-lived species
| SR O(1D)
2........0H
I Cl
4.......... Oo(3P)
L T 03
Gveereeenn HO»
Tveeeeen NO»
8 NO
S SR Br
10 N
1. ClO
120 BrO
13, NOj



approx altitude (km)

nox (vmr) Jul/11/1998 run_v5c diur. avg

1 1 1 1 | 1 1

20 | ) 1
i |
|
. i
|
- [
I .
i |
15 : @% @,
i ! :
| U
. | .
' ;
i | . R
i : Q
- | f‘,
_ [ : »
10 | ; 5
. | : 0
: o
] : s ‘ &
! :
i l E
| E i
i | 5
5 — : : .
' :
R | :
f E -
I 3 -
i ' : ]
| :
N | '00’(10_'0 10 10 — : -
00% <
0 | / 2 N L1000

T
-50

. . : . , : : . ' I ; .
0 50
latitudes (angular degrees)
Contour from 0.00000 to 1.45000e-09 by 5.00000e— 11




_ oh (vmr) Dec/28/1995 ; run_vbc ; ]
latitudes : 0. angular degrees ; approx allilude : 6. km ; pressure : 429.996 mb
4.0x107 13 | I | : l | : o

T T T T 1T T 11

3.0x10” 1O\

€ 20x10”13
>

TllllllllllIIIIIIIIIIIllII

Illlll|l!|l|'ll|lll

1.0x10”13
0 ] L | ] | | \
~9.00 ~3.38 2.25 7.88 13.50 19.12 24.75 30.38 36.00

Solar Local Time (hours)



vmr

no2 (vmr) Dec/28/1995 ; run_v5c :

1l]otitudes 0. angular degrees ; approx altitude : 6. km : pressure : 429.996 mb
3.0x10~ , , i i I | - o

2.5%x10" 11

2.0x10~ 11

1.5x10~ 1

1.0x10~ 11

5.0x10 " 12 |— —

0 I l | | [ | I

-9.00 -3.38 2.25 7.88 13.50 19.12 24.75 30.38 36.00
Solar Local Time (hours)




vmr

latitudes :

1

no (vmr) Dec/28/1995 ; run_v5c ;
0. angular degrees ; approx altitude :

6. km ; pressure :

429.996 mb

2.5x10

2.0x10~ V|-

1.5x10"

1.0x10"

5.0x10

! [ I I I

| | | | . L]

2.25 7.88 13.50 19.12 24.75
Solar Local Time (hours)

30.38

36.00




approx oltitude (km)

40

[
(@]

N
o

llIllLIlll!lllll!lLl!llllll

ch4 (vmr) Jul/11/1998 run_vSc diur. avg

) I I T S |

¥ I T T T T l T T 1] T I i : T T
~50 0 50
latitudes (angular degrees)
Contour from 2.00000e-07 lo 1.65000e-06 by 5.00000e-08

pressure (mbd)



approx altitude (km)

40

20

03 (vmr) Jul/11/1998 run_v5c diur. avg

lLlI!llllLlLlllll

ll!ll|

lIlllLJ_LIllllll

5 " 1000
T ¥ ¥ I 1] T T T I T ¥ T T l T T T

-50 0 50
latitudes (angular degrees)

Conlour from 1.00000e-06 to 9.49167e-06 by 1.00000e-06

\
/

pressure (mD}

pes



oh (molec/cm3) Jul/11/1998 run_v5c diur. avg

N
o

approx altitude (km)
N
Q
it 1 1 I Lt 1 1 l 1 | - [} L |- 1 l | ! 1 1 | | 1 [l I Lt 1 1.t 1 1 1

00)(\0

T

6
2. L3)
|
L) l T T
0

latitudes (angular degrees)
Contour from 0.00000 to 1.45000e+07 by 500000.

1000

pressure (mbp)




approx altitude (km)

co (vmr) Jul/11/1998 run_v5c diur. avg

— 100

0 :
<Fox ‘,30/”—?\’\\ i
T : 1000

L] T ' T Ll T
0 50
latitudes (angular degrees)
Contour from 0.00000 to 1.45000e-07 by 5.00000e-09

pressure (mo)



150

O3 (ppbv) @ 35°N-55°N / Jun—Jul-Aug

250

200

100

0

X i i I | I
@ 4 1 t ] | | .
] i ] ! I | !
[ 1 ! L] [} |
|} 1 ] ! | !
| i ] 1 ] I
T Ty ~-~—r--+#
O1 1 1 | 1 |
mw ol 1 1 | ]
| i 1 | 1 -
P
;nuhhwlrnlglnnrnnp|||r||
T
R VR R
©
C | | ] i
h W o r i |
bbb Al X Rl SO WU R SR
&7 mv.u o _
| « | AVB _ "
t ) M_ (ol *.u_ i
“ " “ _Q il P
:J---?:.--#Mﬁ-%-%
[}
| i M I
| | ! | ! awtﬂr
( 1 | 1 i ]
o | 1 I i | (
— } } } } }
(wy) epnipiy

o
T 1 1 L] T L) O
| | ! ! { ! ©
| i i ] i
) | i i 1 W -
' | ] 1 |
cemd_b_a L _i___Hsg
] ) i i ] i D
] | | I 1 |
] i | ) | | s
| i i | ' “
I i I I |
Rl R T P IS S S S § =
] I ' | I i <+
} ] i | I |
] ] ] 1 i | -
oot ] i | ]
) ' ' ] ' | o
.pn4|a|1||4|||1||4|111hr,%
{ ] | ' ] (
'
A A R
C !
! | 1 1 1 1 o
-nnRt;:FIIL|||r::+;||vnm:0
| | | | N
»* L | I | I
] Ic 1 H 1 1 -
| ] I i ]

L Ed P = I Mo
-IOWIIIT||4R||1||4||I..| T
o P20 JP 7 |

| 1
o % o ! H_&Bmﬂ "
T | i Bq O*B o
~ 1 1 i o \ o
L) L] L] L4 L] L
<+ o o © © N o
Ll - —

(wy) apninyy

NOx (Fptv) @ 35°N-55"N / Jun—Jul-Aug




SOCRATES as a tool in studies of CH4 radiative and
chemical effect

1. CH4 response time.
a. Effect of CH4 perturbation on OH and its dependency on

perturbation size under steady-state condition.
b. Apply actual CH4 pulse to the model and obtain CH4 response
time. Sensitivity of the response time to pulse size and pulse

duration.

2. Calculation of CH4 GWP (exact formulation needs to be discussed):
a. Changes in CH4 residence time.
b. Production of stratospheric H20
c. Changes in tropospheric and stratospheric O3.

d. Time dependent calculations?

3. Impact of NMHC on indirect CH4 GWP.

- Changes in tropospheric ozone.



Model experiments -

Model Run 1 (Control run) - 4 year steady-state run.

Model Run 2 (120% CH4 perturbation run) -
(CH4 results from control run) * 1.2

Model Run 3 (150% CH4 perturbation run) -

(CH4 results from control run) *1.5
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F  Feedback factor: relative change (%) in the globally averaged

OH amount for a 1% increase in CH4 concentration.

AT/LT CH4 adjustment time/ CH4 lifetime
=1/[1 + d(In OH)/d(In CH4)]
=1/(1+F)

Run 2

20% increase in CH4 -> 6 % decrease in OH
F = -6%/20% = -0.3
AT/LT =142

Run 3

50% increase in CH4 -> 12% decrease in OH
F =-12%/50% = -0.24
AT/LT =1.31



Table 2.9: Inferred CH , response time from the CH,
perturbation szmulatzons

b a—————————————————

Model code  Feedback factor Adjustment time/lifetime

B -0.20% 1.29
M -0.17% 1.23
O -0.35% 1.62
P -0.22% 1.32
R -0.26% 1.39
(R) - -0.18% 1.261
T -0.34% 1.61
/ -0.2/+ VG2,

Note: Feedback factor = relative change (%) in the globally
averaged CH, loss frequency (i.e.. [OH]) for a +1% increase

in CH concentratxons
T These models use fixed CO concentrations and so

underestimate this ratio.
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Effect of Mt. Pinatubo Eruption on Tropical
Tropospheric Jg3,
: , ,

Methane, and CO
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EXPLORATORY STUDIES

Response of tropospheric O3 to CO (and RH) increases, at low NOx
- increase [O3] if HOx loss mostly from HO?2
- decrease [O3] if HOx loss mostly from HO?2

Tropospheric chemical oscillations
- discover and describe
- robust (CO, CHy, isoprene)
- identify two-variable oscillating kernel
- analytic derivation of oscillation period
- chaotic behavior dampened by HO2 + HO;

Relative role of CH4 and NMHCs R
- large pool of oxygenated and nitrogenated species, Cy
- long lifetime, long-range transport

Scavenging of oxygenated organics by PBL aerosols
- major loss for Cy and NOy?
- less O3 production?




Table 1: Solutions for current state:

—— ————— —— —— —— ——— A — — Y T — — — — — A ———— — — T — — . — ————————— —— ——n Y—n S —

Species Sensitivity (%/%)

Fcms Fco FnO Fos Faz
cHy 135 026 049 001 0.05
CO 0.53 057 -0.46 -0.01 0.03
H> 0.33 0.07 -0.13 0.00 0.76
O3 0.30 0.15 0.19 0.07 0.02
NO -0.02 0.09 041 -0.07 0.01
NO» 0.03 024 0.55 -0.01 0.02
HNO3 -0.01 ~-0.01 1.02 0.00 0.00
H,Oo 0.58 0.54 -0.29 0.03 0.06
CH5;00H 142 029 -0.71 0.06 0.03
CH;O : 1.07 0.06 -0.10 -0.01 0.01
CHs;O0H ' 1.96 -0.20 0.67 0.11 -0.02
OH 035 -0.28 0.53 0.01 -0.03
HO» 0.23 0.22 -0.06 0.02 0.02
CH;00 8.92 -0.14 -0.25 0.06 -0.02




Response of tropospheric O3 to CO (and RH) increases, at low NOx

Crutzen, 1987:

CO +0OH — HO2+C0O2 (-O2)
HO>2 +03 —» OH +202

NET: CO+03 — CO2+02

But this neglects many other important reactions, e.g.:

OH + 03 — HO2 +02 :

HO2 + HO2 — H202 +02 | o
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Different Oscillating Chemical Mechanisms
Numerical Results and Analytical Solution
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REACTION NETWORK N,
Reaction Pathways for O and HO,, NO,, and CO
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[NOy],, [n-pentane], = 1 ppbv
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1. Box model simulation of n-pentane photodegradation. Initial
conditions are [NOzlo = 1 ppbv, [n-pentanelo = 1 ppbv. Dashed line gives
concentration of n-pentane, solid line is concentration of all five-carbon

species including remaining n-pentane and intermediate organic
compounds.



Table 3: A Few Intermediate, Partly Oxygenated Organics from the

Oxidation of Hydrocarbons

Aldehydes:

Ketones:

Alcohols:

‘Hydroperoxides:

Organic ‘acids:

Organic nitrates:

CH,0O

CH;(O
CH;CHCHO
CH;COCH3
CH;COCHCH3
CH;COCH=Ch
CE;0H
CH;CHOH

© . CH;00H

CH;CH,OO0H

HCOOH
CH5COOH
CH3CO(OOH)

CH3(ONO2)
CH3;CO(OONQ)

formaldehyde
acetaldehyde
propionaldehyde

acetone
methyl ethyl ketone
methyl vinyl ketone

methanol
ethanol

methyl hydroperoxide
ethyl hydroperoxide

formic acid
acetic acid
peracetic acid

methyl nitrate

peroxy acetyl nitrate (PAN)




ppt

ratio,

mixing

Organic nitrates, [NOvylo = 1 ppbv [NMHCJo = 10 ppbv

200

100

Number of Functicnal groubs

H2(ONO)CEO
CE3COCEz(ONO?)

=3 COCE(ONO)CEZ(OE)
CE,=C(C=5)CHE((OOH)CEz(ONG2)
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AEROSOLS AS SCAVANGERS OF OXYGENATED
ORGANICS ?

Collisionrate = n yvS/4

concentration of gas molecules

sticking coefficient

molec. speed ~3x 104 cm s-!

aerosol specific surface area ~

aerosol optical depth, km-! ~ 3.9/ (visible range)

<RI
nonn

Time for molecule-aerosol collision ~ 13 sec/ (B v)
For visible range =25 km, B ~ 0.15 km'l

so collision time ~ 80sec / v .

e.g. Y forN2Os 0.1 on (INH4)HSO, aerosol
| > 0.005 on water
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Refersance Ccse Reincut Bleck Carbon
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Figure 1. HNO; and NO- concentrations (top panel), and [ENO3}/[NO;] ratio (bottom panel) calculated over a
10-day period for MLOPEX 2 summer conditions, for the reference case, with an episodic rainout, and including

heterogeneous reactions on black carbon (BC). Encounter witk a cloud on the fifth day of the simulation for

the rainout case is indicated by a dotted line. Observed values during MLOPEX 2 summer intensive of ENO3
(83.563.3 pptv), NO= 129.7=12.5 pptv), and [ENOs]/[NO:] ratio (2.822.4) are also shown on the right side of
the plot for comparison. Shaded periods along abscissa refer to nighttime.

GEOPYYSICAL RESEARCH LETTERS, VOL. 23, NO. 19. PAGES 26092612, SEPTEMBER 15, 1996

HNO;/NO: Ratio in the Remote Troposphere during -
MLOPEX 2: Evidence for Nitric Acid Reduction on
Carbonaceous Aerosols?

D. A. Hauglustaine,! B. A. Ridley, S. Solomon, P. 3. Eess, and S. Madronich
National Center for Atmospheric Research, Boulder, Colorado



PLANNED AEROSOL STUDIES (tentative)

» Use box model with detail hydrocarbon chemistry (Master Mechanism)
- identify spedcies likely to be scavanged by aerosols
- quantify yields of CO, O3
- identify critical measurables

» Use regional model to assess impacts:
- 1st order losses to simulate scavenging by aerosols
- run model with and without aerosols, for Southeastern US
compare production of ozone, CO
compare with observations: ozone and CO over wide areas
compare with observations: local measurements of oxygenated
| organics and ratios (e.g., MACR/MVK) |



REGIONAL MODEL

Design philosophy
consistency with driving met. model
flexibility (location, var. grids, chemistry)

Current configuration
* average fields from MMS5 (3 hrs. )

* deep convection (MMS5, entrainment/detrainment,
downdrafts, modified Arakawa-Schubert param.)

¢ shallow convection (MMS5, entrainment/detrainment
. boundary layer (Holtschlag, CCM2/3)
* dry deposition (Wesley)
e wet deposition (Giorgi and Chameides with MM5
microphysics)
e global emissions (from MOZART)
* Hawaii emissions (from P. Ginoux)
e advection (Smolarkiewicz or Bott)

e gas phase chemistry (Master Mech,, IMAGES
recently updated)

e J values (interpolation table, from TUV model)
modified by MMb5-derived clouds

e solve with Euler Backward Implicit scheme
(tested with Gear)

e Visualization postprocessor
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