IMPACT OF HISTORICAL CHANGES IN WELL-MIXED GREENHOUSE GASES ON TROPOSPHERIC COMPOSITION

Vaishali Naik!¢ (Vaishali.Naik@noaa.gov), L. W. Horowitz?, F. Ramos-Garces3, M. D. Schwarzkopf?, R. J. Wilson?, and Y. Fang?

3% UCAR
University Corporation for Atmospheric Research, 2NOAA Geophysical Fluid Dynamics Laboratory, Princeton, NJ, SUniversity of Puerto Rico at Mayaguez, Mayaguez, PR, 71’(
4Carnegie Institution for Science, Stanford University, CA AGU Abstract # A43E-0332

1. Introduction 3. Results and Analysis

“ Increasing atmospheric abundances of well-mixed greenhouse gases (WMGGs — CO,, N,O and CH,), including halogenated ozone _ _ - - _
depleting substances (ODSs), since the preindustrial times have been shown to significantly impact both the stratospheric (WMO Figure 1. Evolution of annual mean (a) temperature, (b) specific humidity, (c) ozone, and (d) OH expressed as difference from mean 1860-69.
2011) and the tropospheric (IPCC, 2007) climate and composition.
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*» Since the stratosphere-troposphere is a coupled system, any radiative, chemical, and dynamical changes in the stratosphere affect the (a) Temperature 2(b) Specific Htij*znidity
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troposphere and vice-versa. For example, CO,-induced cooling of the stratosphere leads to an increase in the upper stratospheric
ozone (O3) resulting in enhanced stratospheric O, transport into the troposphere particularly at mid latitudes (e.g. Fleming et al.,
2011). Changes in stratospheric O, alter tropospheric photochemistry by affecting the incoming UV radiation (e.g. Voulgarakis et al.,
2013).
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*» The following schematic depicts the impact of changes in WMGGs and ODSs on tropospheric composition with feedbacks from 200 § 200 L
changes in stratospheric climate and composition: o | e ||
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_ | Key Points: “ Tropospheric water vapor increases <+ CO, Increases enhance upper < Tropospheric OH Increases In
via UV changes‘ Tropospheric Temperature & < The stratosphere cools while In response to WMGG and ODS- stratospheric O; (induced by cooling) response to CO,-induced water vapor

Humidity troposphere warms in response to induced warming, with largest but decreases tropospheric Og, Increases over the historical period.
A indivic_iual or combined WMGG and percent increases occurring Iin the particu arly in the low trop_osphgre, % Water vapor increases combined with
J i ODS increases. upper troposphere. driven by chemistry and circulation enhanced UV penetration into the
| | % The changes in temperature over the % CH, increase leads to enhanced changes (see below). troposphere resulting from N,O and
Tropospheric Oxidants historical period are strongest for water vapor in the stratosphere with < Since it is a major precursor of ODS-induced stratospheric loss leads

(Ozone, Hydroxyl radical) CO, increases and weakest for N,O maximum increases from 1980 tropospheric O,, increasing CH, to tropospheric OH increases.

increases. onwards. iIncreases O; uniformly (10 ppb) iIn % CH, increase causes significant

low to mid-troposphere in the 20

| tropospheric OH decreases,
century, despite constant NO,

Objective: Investigate the changes in tropospheric composition (with focus on ozone and hydroxyl radical) from _ _
particularly in the last two decades, as

combined and individual increases in CO,, CH,, N,O and ODSs over the historical period (1860-2005) using a coupled

Hemistry-climat del Figure 2. Tropospheric O, Burden, Strat-trop exchange (STE), and Net emissions. it is a major sink of OH. CH, increase
Chemistry-climate moded. chemical production relative to mean 1860-69 plotted as 10-year running mean =« Stratospheric O, losses induced by  also leads to significant increases in
ODS and N,O increases cause upper stratospheric OH induced by
: Nall ; ; S e ——————————— tropospheric O; reductions. ODS- enhanced water vapor abundance.
2. GFDL Coupled Chemistry-Climate Model (CM3) & Simulations g z _ nduced changes are significant only
“* GFDL CM3 (Donner et al., 2011; Golaz et al., 2011) is a fully coupled global atmosphere-ocean-land-sea ice model with seamless § 10 3 10 : after 1960.
representation of tropospheric and stratospheric chemistry (Naik et al., 2013; Austin et al., 2013) and explicit physical representation S 0F LEL 0f
of aerosol-cloud indirect effects (Ming and Ramaswamy, 2008; Levy et al., 2013). & I © . . .
| ( g. | Y Y ) | ) ] | | | ,g 0 E ® 40 | Figure 3. Global Annual Mean Tropospheric OH relative to mean 1860-69
“+ Coupled transient (1860-2005) CM3 simulations are performed on a cubed-sphere grid (~2° x 2~ ) with 48 vertical layers extending ™ o0 b 3 5 plotted as 10-year running mean
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