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The Anthropecene, Home Sapiens (“wise man®) at werk
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Methane and Nitrous Oxide: Their Effects on the Terrestrial Climate
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ABSTRACT

Simplified band models are developed for methane (CH,) and nitrous oxide (N,0O) bands in the longwave
radiation spectrum. The band models are then employed in a radiation model to calculate the seasonally
and latitudinally varying contributions of CH, and N,O to the radiative energy balance of the earth-
troposphere system. From the energy balance calculations, it is concluded that the longwave opacity
(i.e., the so-called ‘‘greenhouse effect’’) due to present-day observed concentrations of CH, and N,O

/ contribute nearly 2 K to hemispherical mean surface temperature with possible larger contributions to
polar surface temperatures. The paper also discusses stratospheric effects of CH, and N,;O and examines
the sensitivity of tropospheric radiation energy balance to large increases in CH, and N,O.

1. Introduction modified slightly by Ramanathan (1976). The model
Methane and N,O possess several strong absorp- describes the total band absorptance A as

tion bands in the longwave radiation spectrum. The b U ] (1

strength of these bands, when considered in conjunc- ~ A(U,B) = 24, In{1 + TESTIESL

tion with the observed present-day concentrations

of CH, and N,O, suggest that these species may where
exert a non-negligible influence on the present-day U = SWIA,, (2]
climate. The nurnose of the present paper is to
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Atmospheric Methane

It is a greenhouse gas with the lifetime of a dog

It determines a significant fraction of the OH reactivity
of the troposphere

It is a precursor of stratospheric water

It is Occam’s worst nightmare (ask Martin Manning)

If its growth has been ameliorated by increasing OH,
future growth may be strong, endangering the 2
degree target



. It is a greenhouse gas with the lifetime of a dog (can we control methane?)
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Figure 1. Tropospheric CH4 lifetime by month calculated for each
POLMIP CTM included in this analysis. CAM indicates CAM-Chem ver-
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e Itdetermines a significant fraction of the OH reactivity of the troposphere

- I . ' ' ' } } 4 ! I N
> @ 11 % e §
) A 03
N 4 CO about 70% & NMHC
> 80 T T
= ® ii % ¥ 5
§ 60 + o i EE Q 1
5
T 40 + 1
9 CH, about 20% , but it also is a CO precursor
= 207 % %é% 1% %'ﬁﬂﬁ'; Il
i R gy g
0 - !‘ 3 3 i

JFMAMJJASOND

Note: OH reactivity at cruise altitude
Courtesy: Hella Riede, MPIC

soOe@eC

MAX PLANCK INSTITUTE
FOR CHEMISTRY




. It is a Troyan Horse precursor of stratospheric water (don‘t mess with
the stratosphere)

I. f
5T =

o Sn:l']i Stills/ RexiFeature




Friendly Termites Turn your home into a
natural gas source, it beats fracking!

Don‘t wreck the planet, wreck your home !



Gas Raid from Mars in 1938, a wave of Mass Hysteria in New York, fake gas news

0 I]e New fJork Times.
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On the other hand....“Methane is a sign

of LIFE”



- ._-J«.\ AND ¢

MAX-PLANCK-INSTITUT
FUR CHEMIE

5 L
FRARORT AG OV




60

30

.

4 'Gu;mgzhou '

Y ]
. e L\ (o .
8 R > Manila
V? Chennai | Bangl__(gk i
)| v/ & |
g ¢/ Kuala Lumpur:— '
Y \ v ] ko
\ ‘1,' 1\ ) \.,t?&ap‘;ip;'.: &, ) {\d‘ .
y 1’/| :’ ;ﬁm\cﬁ \ Vo
(] = h, W
\ *Johannesburg { 1
i : b Lot N /J 7
Santiago de Chlle; &Ij Cape Town 5‘“‘"‘6} ;/\’
4;02 WAS Samples considered 2005 - 2012 &
::f‘p?; P " aa i ;
Sl e = e
e T i et ! ! s
-150 -100 -50 0 50 100 150

Number of CARIBIC-2 samples to geographical regions
(color coded)

13



CARIBIC Troposphere
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EMAC model support for the interpretation of CARIBIC
CH, measurements
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The procedure used

Period 1997-2014 (GHG measurements, Tanja Schuck)
Apply a well documented model and use adequate
resolution

Keep the OH distribution fixed

Take existing sources

Use tagging

Get a steady state and tune sources to get best possible
burden and NS gradient

Add an extra source (a constant one) starting in 2007
for simulating the ,,renewed increase”

Split this source between NH and SH to optimize the NS
gradient and stations’ fits.



The numerical model setup

EMAC : Numerical chemistry and climate simulation system of sub-models describing
e tropospheric and middle atmospheric processes (up to 1 Pa)

e interaction with oceans

e |and and human influences

using:

ECHAMS - European Centre Hamburg general circulation model 12!
MESSy2.50.4 — with a novel CH, submodule (introduced Feb. 2014)

Modular Earth Sub-model System to link multi-institutional computer codes!t!

Grid Resolution :
Horizontal: T106 ~1."x 1.
Vertical: 90 hybrid pressure levels - ~ 500 m vertical layers near CARIBIC cruise altitude.

Time step: 2 min

Meteorology: Troposphere nudged towards ECMWF analyses
wrt temperature, divergence, vorticity and surface pressure .
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Methane Source type Tg/CH4y1l  seasonality emitted from/ Ref

up to

emissions: Bogs 419 Yes sfc 3]
Swamps 133.1 Yes sfc [3]
Input for Termites 19.3 No sfc [3]
MESSy2.50.4 PG 98.0 No sfc [3]
submodel Rice 60.0 Yes sfc 3]
(HmeHme oi 345  No sfc 3]
Gas 48.0 No sfc [3]
Coal 41.7 No sfc [3]
Landfills 72.7 No sfc [6]
Biofuel combustion 14.9 Yes 45 - 800m [4]
Biomass burning: 1997-2010 mean: [5]

NH 3 Yes 45 - 3500m

SH 0.2 Yes 45 - 1500m

Tropics 22 Yes 45 - 750m

Grand Total 551.7

Sander Houweling
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Year 2007, flight series 218...:
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Emission distribution optimization
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AMA vs SHA
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5.0 - 0.425
0.0 0.400
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EMAC model simulation
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CH4 contribution (%) by category at stations
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1900 T all CARIBIC Flights1997 through 2006 vs EMAC - no-trend period
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Conclusions

The model results closely follow all stations’ monthly means
over the years 1997-2014.

The model results match the CARIBIC aircraft data around
the tropopause. This involves the variations in time and
those due to geographical position. The modeled dynamic

range is still too small (a typical UTLS issue). A higher
resolution can fix this.

The required additional emissions are for 2/3 to be placed in

South America.
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