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Bt Bt NCEO Atmospheric
Composition Theme

Initial focus on:

 Tropospheric distributions and surface emissions of
methane, shorter-lived gases & aerosol

eg three talks in this session:

— Anthony Bloom: large-scale controls of methanogenesis inferred
from methane and gravity spaceborne data

— Rob Parker: MIPAS observations of organic tracers for biomass
burning and intercontinental transport

— Andy Sayer: new insights into clouds, aerosols and climate

Future shift of focus:

 Composition — climate interaction
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Supplementary

St.Catherine’s New mission to understand processes NCEO Conterence
College, Oxford controlling atmospheric composition Sept 2009



Mission objectives

 To explore processes controlling global atmospheric composition in the mid/upper
troposphere and lower stratosphere; a region of particular importance for climate.

— by resolving 3-D structures of trace gases, thin cirrus and temperature in this region

on finer scales than previously accessible from space

 To explore links with surface emissions and pollution

— by exploiting synergies with nadir-sounders on EPS-MetOp

Specific Objectives are to quantify:

A. Relationships between atmospheric composition and
B. Atmospheric transport processes important to clim
C. Relationships between atmospheric dynamics and cl
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Observation technigues

Nadir-sounding Limb-emission
sounding
 Near-surface layer seen
between clouds but e High res. vertical profiling
o Little or no vertical  Tenuous trace gases
resolution detectable

e Cold space background

 Dense coverage cf solar
occultation

o

EPS MetOp — "
PREMIER
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Complementarity of IR and mm-wave
limb sounders IRLS and MWLS

Target trace gases:

IR: CH,; organic compounds; nitrogen oxides
mm-wave : CO; HCN & CH,CN (biomass burning indicators); halogens

Sensitivity to cirrus particle size

IR: R, < 100mm
mm-wave: R, >100mm

Different penetration depths into troposphere for H,0, O, & other
trace gases measured in both wavelength regions
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Advances over current
limb-emission sounders

Stringent requirements in the mid/upper

troposphere and lower stratosphere demand

1. Finer vertical sampling
2. Finer along-track sampling
3. 3" dimension to be added by viewing across-track

To achieve these advances, the 6 — 25km

range must be sampled more densely
— ~5x10° limb-views / day cf ~2 x 10% for MIPAS
— Many more cloud-free views

Atmospheric fields observed in fine detall
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Sampling 3-D temperature structure
generated by gravity waves

PREMIER
IRLS dynamics
Typhoon
s L
Typhoon Winnie, 20/08/97
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Transport through the
Tropical Tropopause Layer

Model H,0 on 420K surface (~18km) — July to Dec’03

— Water vapour and ozone distributions in the tropical tropopause layer are controlled
by complex interplay between convection and other processes operating at fine scales.

— To test models and unravel this complexity, structures must be resolved at finer scales
than previously accessible from space
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Retrieval simulation for
PREMIER MWLS

H,O - model O3 - model

H,O - MWLS O, - MWLS

— MWLS consistently observes down to ~10km in tropics in presence of cirrus
Structure in H,O and O, cross-sections is captured by MWLS on scales
needed to test transport/mixing schemes in models
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Thin cirrus layers near
the tropical tropopause

ER-2 lidar backscatter Simulated IRCI 12nm image

— Thin cirrus layers influence water vapour transport through TTL
— Difficult to detect by satellite lidar but observable through high-resolution IR limb imaging
— These thin layers transparent in mm-wave  retrieval of H,O & other gases unaffected
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Methane column average (2003-4)
from Envisat SCIAMACHY 1.6nm

In NCEO: assimilation & inverse modelling tools to estimate emissions
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Latitude Height Cross-Section of CH,

Altitude (km)

~10% of column
IS above 100hPa
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Convective uplift in the Indian monsoon
GEMS CH, — Aug to Oct'03

Height of
1.9 ppmv

18 km

0 km

— Biogenic emissions from Bangladesh wetlands are lofted into the region
important to climate by convection in monsoon circulation

— Structure in the 3-D distribution can affect methane global radiative forcing
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Retrieval simulations for
PREMIER IRLS and IASI

GEMS IRLS

|ASI IRLS+IASI

— PREMIER will resolve methane 3-D structure in height-range important to climate
— |ASI extends coverage into the lower troposphere ie below the limb-range

Processes controlling methane’s distribution will be quantified
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Plumes from tropical burning, boreal

forest fires and industrial emissions
Model CO - 13" to 18" July '04

— Biomass burning and anthropogenic sources of CO, other organics and nitrogen
compounds generate O, in the height-range important to climate.

— To quantify O, production & radiative forcing, precursor plumes must be observed
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Retrieval simulations for PREMIER

CH,0OH — Model CO - Model HCN — Model

Plumes over /

Atlantic from
S.American
biomass-burning

CH,OH - IRLS CO — MWLS HCN — MWLS
Plume seen /
well by IRLS
Plume seen
well by MWLS

— PREMIER will observe ozone precursors (eg CO & CH;OH) & indicators of biomass burning
(eg HCN) in individual plumes from tropical burning, boreal forest fires and industrial emissions

Impacts of different sources will be quantified in height range important to climate
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Summary and status

PREMIER will bring into sharp focus processes linking composition and climate

For the first time, 3-D distributions in the height range most important to climate
will be observed from space with the resolution needed to quantify:

A. Relationships between atmospheric composition and climate
B. Atmospheric transport processes important to clim ate and air quality
C. Relationships between atmospheric dynamics and cl Imate

One of three candidates selected for feasibility study (Phase A) by ESA

— NCEO contributing extensively to consolidation of science case
 scientific impact & performance studies; campaigns of airborne precursors

— Opportunities via CEOI to contribute mm-wave & IR critical technology

Future NCEO focus on composition — climate links

building on experience from current missions nb HIRDLS
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