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AIr chemistry - climate interactions

MetOffice = Ajr quality-climate

NOx, VOCs

¢ Ozone precursors

* Methane lifetime

Ozone

¢ Greenhouse Gas

» Crop vyields

PM25s & PMio

¢ Black carbon — warming
¢ Organic carbon — cooling
- % Pollen

S ——
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Health impact

*» Risk factor: asthma, lung
Infections, heart disease,
COPD, stroke, lung
cancer

s 7 million deaths annually
(WHO, 2014)

** Rise in respiratory hospital

admissions / ED visits

Rachel.Mclnnes@metoffice.gov.uk



What do we mean by Air Quality?

Met Office Nitrogen Oxides (NOx)
Sulphur Dioxide (SO2)
Carbon Monoxide (CO)

« Concentration of pollutants:

« Concentration at surface Ozone (O3)

Particulate Matter (PM2s,
PM10)

« Monitoring network — DEFRA
« Dally Air Quality Index — Met Office
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Met Office national AQ forecast for
Defra S —————,

Daity Air Quality Index —  Monday 09/06/2014 Enter your location or postcode to see

Met Office ¥ a e e

Index Bands

1218 » s 's FOBIETI

Species: Different time | o

» Health advice associated with air

Ozone, NO2, SO2, averaging periods g

RSS Air Quality Forecast

PM1o, PM2.5 for different species | | &8 ¥ Dal frecas st from,

Up to 5 day forecasts are available,
use the links below to step through

Thresholds | '

« Prev Next »

. Today (9th June 2014)

Tuesday (10th June 2014)
Wednesday (11th June 2014)
Thursday (12th June 2014)

Daily Air Quality Index Friday (13th June 2014)

Latest forecast summary

The latest air pollution forecast was issued at 09/06/2014 Sam

Today Tweets W Follow

O ut ut- Low air pollution levels are expected across much
p . of the UK; however Moderate air pollution levels . Defra Alr Quality @DefraUkAr  27m
. Forecast Tue: Low air pollutions
are forecast to affect parts of East Anglia and levels across the UK.
Kent. bitly/HbGVCK #ukair

UK maps

Tomorrow Defra Air Quality @Defralkar — 4n
Latest Mon 9am: Low air pollution

Low air pollution levels are expected across the measured across all regions of the
i ay O recaS UK. UK. bitly/HNOVOK #ukair

Expand

Defra Air Quality @DefraUkAir 6 Jun
Outlook Latest Fri 5pm: Moderate pollution

http://uk-air.defra.gov.uk/forecasting/ Rachel.Mclnnes@metoffice.gov.uk



Met Office national AQ forecast for
Defra

Enter your location or postcode to see the forecast for your area:
Met Offl Ce e.g. Newcastle

Today 9th Sep | Wed 10th Sep | Thu 11th Sep [RTRWIGELLE] Sat 13th Sep

Air pollution forecast for Friday (12th September 2014) near Glasgow
Tomance KirHIEbch

Species: Different time
Ozone, NO2, SO2, averaging periods
PM1o0, PM2.5 for different species

Map | Sate! lite

Lenzie
[T {M73]

Moodiesburn

Ehmg gs Chryston
{150

Gartcosh

3y [he.seven Lochs
¥ Wetland Park

HJ
LHH HE Baqup
m‘ﬂl ? i " Rig Jr'Pa

Ie! I1r|| strial
. ca stang
H =] E E IJd‘
Gleniffer Braes J
Country Park m Gi .
B

d

* Cars noc
D a.l Iy I r Q u al Ity I n d eX : Carmunnock " map data €2014 Google Terms of Use Reuonamap =

The nearest \ocat\o.ns Fo your postcode region are Tweets W Follow
shown below and highlighted on the map.

Thresholds

-

Location Fri 12th Sep Defra Air Quality @Defralkair  1h
Glasgow Forecast Wed: Predominantly Low £

Distance away: 0.05 miles levels of air pollution across the
Make default location UK. bitly/HbGVCEK #ukair

u p u Distance away: 0.82 miles
.
Defra Air Quality @Defralkair 1k
_ Latest Tue 1pm: Low air pollution
measured across all regions of the

Gorbals
Distance avay: 0.88 miles

° U K m ap S .

Glasgow youth hostel
Distance avay: 1.18 miles
Make default location

Make default location
UK. bitly/HNSVOK #ukair
Expand

« 5 day AQ forecast

http://uk-air.defra.gov.uk/forecasting/ Rachel.Mclnnes@metoffice.gov.uk



How do we model air quality using
Earth-System models?



Definitions — weather vs climate

Met Office

The day to day changes in temperature,
wind and rain.

The average, variations and extremes
of weather in a region over long periods of time

© Crown copyright Met Office Rachel.Mcln nES@ metoffice. gov.u k



Definitions — weather vs climate

Met Office

The day to day changes in temperature,
wind and rain.

The average, variations and extremes
of weather in a region over long periods of time

Weather decides your outfit for the day...

Climate determines what is in your wardrobe.

© Crown copyright Met Office Rachel.Mcln nES@ metoffice. gov.u k



What is a climate model?

Climate system includes atmosphere, oceans, land
Met Office  surface and more.

What is a climate model?
« Laws of physics, chemistry and biology

« Use numerical computer models and
supercomputers

« ...and we check how well they model
past climate by comparing to

observations.
lines of code output variables
grid points layers in atmosphere & ocean
minute time-step years simulation = 1-6 months run time

© Crown copyright Met Office Rachel.Mcln neS@ metoffice. gov.u k



History of climate models

Met Office o iy

Hadley Centre

Land
surface

Ocean

circulation Plants and soil

Met Office Hadley Centre adapted from IPCC
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What is a Regional Climate Model?

GCM 300km ) RCM 50km
Lt X
G e £
Met Office 7 f‘% e
P 7.3
£060 795
_ _ _ W) éi 3 N
What is a regional climate model? P ;,“ -
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Observing the climate system

Met Office

Global surface temperature timeseries

06F T
Annual average

041 — HadCRUT4

MLOST
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Anomaly (°C) relative to 1961-1990

0.0 — —

02+ -

04+ f —

061 —
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Last 3 decades warmest in
Instrumental record.

From palaeoclimate records,
In the NH, last 30 years
likely (66-100%) the
warmest period of past 1400
years.

Very likely (90-100%) that
number of warms days has
Increased and cold nights
decreased globally.

Rachel.Mclnnes@metoffice.gov.uk



Observing the climate system

Met Office

Annual mean temperature (1901-2012)

I I I I I I N
-06 -04 -02 O 02 04 06 08 10 125 15 175 25

Trend (°C over period)
» Most global land areas have experienced significant warming since 1950

* Robust multi-decadal warming since 1901...

« ...with substantial decadal variability in the rate of warming with several
periods exhibiting almost no linear trend.

© Crown copyright Met Office WG, IPCC ARS, Stocker et al. 2013 RaChel.MCI””ES@metOﬂlCe.gOV.Uk



Future Projections of Climate & Alr
Quality



Future emissions - scenarios

Met Office Representative Concentration Pathways (RCPs)

* 4 greenhouse gas
concentration
trajectories,

-
N
v

— = SRES-B1
~ = SRES-A1B
- = SRES-A2
— RCP26
RCP4.5
RCP6.0
- RCPS8.5

—
o

 Each describes different
future value of radiative
forcing in 2100.

(0]
T T

H
T T

« RCPs aim to provide a
range of climate model
responses

N
T

Anthropogenic Radiative Forcing (W m2)
(o)}

o

[ | 7 1_ 1 ‘ | ' ] i | L | X i
2000 2050 2100 2150 2200 2250 2300
Year
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Warming will not be the same

everywhere
Met Office RCP 2.6 RCP 85
(a) Change in average surface temperature (1986-2005 to 2081-2100)

N —— 2
L / K "N L v
. A ol

« Very high confidence: long-term warming will be larger over land than
over ocean, and the Arctic region will warm most rapidly.

« Ocean warming will continue for centuries, even if greenhouse gas
emissions are decreased.

© Crown copyright Met Office WGI, IPCC ARS5, Stockeretal. 2013  Rachel. MCInneS@ metOfﬁce.gOV. uk



Projections of climate change

(a) Global average surface temperature change
6.0 _—
Met Office R et L)
- By 2100: increase of global mean "7 Il
surface temperature above 1986- — = F
2005 levels is projected to be: e R R
(b) Northern Hemisphere September sea ice extent
0.3-1.7°C for RCP2.6 e ;9(5: —
80 4, e -
2.6-4.8°C for RCP8.5 oo P 3
5 oh o and
2Ao—- 37 (5) -
ar I
. . . . (C) Global ocean surface pH
* Global warming >2°C is likely (66- I B E— :
0 = 12 N
100%) for RCP6.0 and RCP8.5 N i B
* Global warming >4°C is unlikely (0- ~ ,_ \ _
33%) except for RCP8.5 i ;
7.61950 - 20100 - 20ISO - 2100

Year

WGI, IPCC AR5, Stocker et al. 2013
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Future projections of Air Quality

Met Office

* Range in projections of surface O, and
PM, . is driven primarily by emissions
rather than by climate change.

* Globally, background surface O
expected to decrease ...

» ...but high CH, (RCP8.5) can offset this
decrease.

* Peak O; and PM, . will increase with
climate change.

IPCC AR5, Summary for Policy Makers

.
ittt =
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Future Anthropogenic Emissions

Met Office

IPCC AR5, Figure 8.2,
Myhre et al 2013

© Crown copyright Met Office
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Post-SRES scenarios
CHq: Rogelj et al. (2011)
Others: van Vuuren et al. (2008)
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etal., 2012)
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Global and regional changes In
surface 03

NorthAmarica CentralEurasia
Met Office r— "
10 41152 3415, 10 t 3815.5 3246,

O3
time series
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IPCC AR5, Figure 11.23a,
Kirtman et al. 2013
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g%lﬁaigég Southampton

Current project: our model for future air
quality projections

Funding: EPSRC

University of Glasgow: Alastair Rushworth & Duncan Lee. University of Southampton: Sabyasachi
Mukhopadhyay & Suijit Sahu.

Met Office: Paul Agnew & Lucy Davies (AQUM), Yolanda Clewlow (Business). Christophe Sarran, Fiona
O’Conner, Gerd Folberth, Rachel Mcinnes, Mohit Dalvi & Debbie Hemming (Hadley Centre).



Project overview

“A rigorous statistical

Met Office framework for
estimating the long-
< Bayesian spatio-temporal modelling of term health effects
chronic health impacts of air quality in of air polution”
UK

¢ Present day and future climate modelling
« hourly UK pollutant fields

o 12km resolution over UK
. b5-year (2007-2011) dataset

. b5-year (2050-2055) future
projection dataset

http://www.gla.ac.uk/research/az/airpollution/

© Crown copyright Met Office Rachel.Mcln nES@ metoffice. gov.u k



Earth-System model set up

Earth System Model —
global scale

Met Office . 200x150km Resolution

* New configuration
Earth System Model — -
Of neStEd mOdels regional scale

>
f’

50x50km Resolution

« Aim - future air
guality projections,
2050s.

« Major processes
Included: transport,
emissions, deposition,
chemistry.

12x12km Resolution

Air Quality Forecast model -
national scale

© Crown copyright Met Office Rachel.Mclnnes@metoffice.gov.uk



Future emissions - scenarios

MetOffice e, Representative Concentration Pathways (RCPs)

« 4 greenhouse gas T ik ' ' 1 !
concentration = | —
trajectories, o 10}- -~ SRES-A1B |

g =
. . (o] 3

» Each describes different 5 sf- s iin -
future value of radiative % v — RCPBS
forcing in 2100. 8 o o -

. . = /" .

« RCPs aim to provide a 3 4r ,%,/,—" -
range of climate model ¢ , f== A T )
responses £

<C
0 e o e T
(| . . | . | . | : |

1 l 1 1 i
2000 2050 2100 2150 2200 2250 2300
Year
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Earth-System model - output

Ozone

Met Office 20:00 21/08/2013 (T+02:00)

In progress...

Hourly fields created:

— Ozone, PM2.5, PM1o

— S02, NOx, others upon request
12km grid resolution

Period 2050-2055

3 emissions scenarios

© Crown copyright Met Office Rachel.Mcln nES@ metoffice. gov.u k



Summary

Met Office

« Cannot separate Air Quality from climate,
environment or health — needs holistic approach.

« Not only 1 climate future — need to look at few
possible scenarios.

« \We have created new nested model
for Air Quality and climate —
Introduces detail on local scale.

‘.v‘\ 7 NS £/ Wy 1V
3 : SR
¥ ARG {
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Met Office

Hadley Centre
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Any Questions?
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