
 

 

 
 
 

Project no. GOCE-CT-2003-505539 
 

Project acronym: ENSEMBLES 
 

Project title: ENSEMBLE-based Predictions of Climate Changes and their Impacts 
 

 
 
Instrument: Integrated Project 
 
Thematic Priority: Global Change and Ecosystems 
 
 

D8.9c  Training module on “climate change and health” for PhD students 
 
 

Due date of deliverable: February 2008 
Actual submission date: February 2010 

 
 

Start date of project: 1 September 2004  Duration: 60 Months 
 
 
 
University of Liverpool 
 
 

Revision [Final] 
 
 
 
 

Project co-funded by the European Commission within the Sixth Framework Programme (2002-2006) 
 

Dissemination Level 
PU Public PU 
PP Restricted to other programme participants (including the Commission Services)  
RE Restricted to a group specified by the consortium (including the Commission Services)  
CO Confidential, only for members of the Consortium (including the Commission Services)  

 
 
 



 
D8.9c  Training module on “climate change and health” for PhD students 

 
A four day workshop was held in Interlaken, Switzerland from the 13 to 16 July 2008 
under the banner of the ACCENT programme in order to provide training for PhD 
students on climate change, environment and health as part of the outreach 
programme for the ENSEMBLES project.  The workshop was organised by Evi 
Schuepbach of the University of Berne and is written up in D8.9d. The meeting was 
attended by 22 PhD students from across Europe. 
 
One of the sessions at the workshop was on “Climate Change and Health” which 
involved a lecture by Andy Morse of the University of Liverpool and a series of 
exercises on recent ozone measurements and future projections under climate change. 
 
The course material (slides and data exercises) is given below. 



Integrating a pollution projections with climate modelsIntegrating a pollution projections with climate models

Projections of tropospheric ozone concentration j p p
using a simple relationship to temperature

Andy Morse, 
Department of Geography,
University of LiverpoolUniversity of Liverpool,

Liverpool, U.K.

A.P.Morse@liv.ac.uk
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R i O d f th DRunning Order for the Day

1. Introductory Lecture
2. Explanation of the Practical Exercise
3 P i l E i3. Practical Exercise
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‘Ozone’
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‘Climate Change’
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I t d t L tIntroductory Lecture

1. Purpose of the Day
2 Selected introduction to ozone pollution2. Selected introduction to ozone pollution
3. Brief introduction to climate change models
4. Pause café. ause café
5. Integrating impacts with climate models
6. Background to practical
7. Summary and Student Analysis Feedback

ACCENT Summer School 2008   
Ozone and Climate   Andy Morse



P f th DPurpose of the Day

Integrate a impacts question within a climate model framework probabilistically

Attempt possible projections of future near surface ozone concentrations

Look at the (simple) relationship between max. ozone and max. temperature 
and perhaps humidity

Provide selected introduction on ozone pollution and its impacts

Provide brief background on climate modellingProvide brief background on climate modelling

Learn about the issues of integrating a impacts model with climate model output

Majority of the day will be focussed on the practical exercise – more later
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O ll tiOzone pollution
Basic ozone chemistry

Classic Cycle

Sunlight splits nitrogen dioxide into nitric oxide and an oxygen atom

NO2 + hν → NO + O 

Th t bi d ith l l t fThe oxygen atoms combined with an oxygen molecule to form ozone
O + O2 → O3 

Ozone reacts rapidly with nitric oxide to giveOzone reacts rapidly with nitric oxide to give 
NO + O3 → NO2 + O2

N t i fNo net gain of ozone
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O ll tiOzone pollution

Polluted atmosphere 

Nitrogen oxides (NOx) and volatile organic compounds increase ozone production 
in polluted regions 

Complex chemical reactions illustrated here CO similar reactions for VOC. 

Oxidation begins CO with the hydroxyl radical with the hydrogen atom formed reactingOxidation begins CO with the hydroxyl radical with the hydrogen atom formed reacting 
with oxygen giving a peroxy radical HO2

OH + CO → H + COOH + CO → H + CO2

H + O2 → HO2 

Peroxy radicals then react with NO gives NO2
HO2 + NO → OH + NO2 

ACCENT Summer School 2008   
Ozone and Climate   Andy Morse



O ll tiOzone pollution

Polluted atmosphere 

back to previous slide which in turn  undergoes photolysis 
giving atomic oxygen and reacting with oxygen a to produce ozone

NO2 + hν → NO + O 

O + O OO + O2 → O3

The net effect of these reactions is:

CO + 2O2 → CO2 + O3

.
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O ll tiOzone pollution

Polluted atmosphere 

Cycle of HOx and NOx terminated reaction of OH with NO2
to form nitric acid or  reaction of peroxy radicals with each other to form peroxides. 

VOC chemistry more complex  same reaction of 
peroxy radicals oxidizing NO to NO2 is the critical step  to ozone formation.

Source Wikipedia and to be found in all introductory atmospheric science books

http://en.wikipedia.org/wiki/Tropospheric_ozone  accessed 29th June 2008
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O ll tiOzone pollution

An ozone dance ☺

Source http://www.ucar.edu/learn/1_6_2_26t.htm
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O ll tiOzone pollution

Polluted atmosphere 

Source http://www.noaanews.noaa.gov/stories2004/s2205.htm 
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O ll tiOzone pollution

Polluted atmosphere 

Source http://tes.jpl.nasa.gov/science/ozone.cfm
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O ll tiOzone pollution

EC Population warning value (O3) 1 hour mean > 240 µgm-3

EC Population Information Threshold  (O3) 1 hour mean > 180 µgm-3

EC health protection Target Value (O3) daily maximum 8-hour running mean 
>125 µgm-3 on more than 25 days

EC Health Protection long-term objective (O3) daily maximum 8-hour running mean
> 120 µgm-3

Air Quality Strategy Standard for 2005 (O3) daily maximum 8-hour running mean > 
100 µgm-3

For EC at 20ºC and 1013mb ozone 1ppb = 2 µgm-3
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O ll tiOzone pollution
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O ll tiOzone pollution
IPCC FAQ 2.1, Figure 2. 
Summary of the principalSummary of the principal 
components of the 
radiative forcing of 
climate change. All these g
radiative forcings result 
from one or more factors 
that affect climate and are ff
associated with human 
activities or natural 
processes as discussed in 
the text. The values 
represent the forcings in 
2005 relative to the start 

FAQ 2.1, Figure 2of the industrial era (about 
1750).
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O ll tiOzone pollutionIPCC FAQ 2.1, Figure 2. 
Summary of the principal 
components of thecomponents of the 
radiative forcing of 
climate change. All these 
radiative forcings result f g
from one or more factors 
that affect climate and are 
associated with human 
activities or natural 
processes as discussed in 
the text. The values 
represent the forcings in 
2005 relative to the start 
of the industrial era (about 
1750) FAQ 2.1, Figure 21750).
Note tropspheric ozone 
and its uncertainty
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Ozone pollution & climate 
literature

Ren et al. 2007 
Fig. 1. Bivariate response surfaces of 
three-day moving averages of 

literature

maximum temperature and ozone on 
total non-external deaths between 
April and October, 1987–2000 in 
B ff l NY (A) Chi IL (B)Buffalo, NY (A), Chicago, IL (B), 
Cleveland, OH (C), Columbus, OH (D), 
Detroit, MI (E), New York, NY (F), 
Philadelphia, PA (G), Pittsburgh, PA (H)Philadelphia, PA (G), Pittsburgh, PA (H) 
in the northeast areas; Atlanta, GA (I), 
Dallas/Fort Worth, TX (J), Houston, TX 
(K), Memphis, TN (L), Miami, FL (M), 
S P b FL (N) d T FL (O)St. Petersburg, FL (N) and Tampa, FL (O) 
in the southeast areas, respectively.

t t

ozone

temperature
deaths
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O ll ti & li tOzone pollution & climate 
literature

Ren et al 2007 concludeRen et al. 2007 conclude 
Days with high temperatures and high ozone important provide prompt public 

warnings i.e. stay indoors limit exposure to high concentrations ozone and 
temperaturetemperature

Results show an between ozone and total non-external mortality substantially 
heterogeneous across urbanized communities Temperature modified ozoneheterogeneous across urbanized communities. Temperature modified ozone 
effects, but the directions and magnitudes of the modification varied across 
communities. 

Temperature positively modified the ozone effects in the northeast US region, such 
modification was not observed in the southeast region. 
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O ll ti & li t
Tu et al. 2007

Ozone pollution & climate 
literature

Fig. 3. Diurnal 
variations of 
ozone and its 
precursors 
averaged over 
period from 
January 2000 toJanuary 2000 to 
February 2003 
(CH4 and NMHC 
were measuredwere measured 
only from July 1, 
2000 to August 
31 2000)31, 2000).

Nanjing, China 
during the periodduring the period 
from January 2000 
to February 2003
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Ozone pollution & climate 
literature

Tu et al. 2007 Fig. 5.
Monthly variationsMonthly variations
of ozone and its precursors
averaged over period from
January 2000 to FebruaryJanuary 2000 to February
2003 

Spring O3 max includeSpring O3 max include
enhanced photochemistry
after a wintertime
accumulation of precursors,p ,
intrusion of stratospheric
O3 rich air to the
troposphere, and largep p g
scale transport 
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O ll ti & li tOzone pollution & climate 
literature

Walsh et al. 2008
Fig 3 shows that theFig. 3 shows that the
nighttime ozone
concentration percentiles at 

the [upwind] ruralthe [upwind] rural
Methodist Hill and 
Shenandoah

monitoring sites were notmonitoring sites were not
much lower than the peak 
8h spatially averaged ozone
concentration percentiles inp
the Baltimore and
Washington nonattainment
areas.
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Ozone pollution & climate 
literatureliterature

Dawson et al 2006 working in the eastern US found that daily maximum 8 h
average O3 concentration and number of grid cells exceeding the US EPAg 3 g g
ambient air-quality standard had the largest relationship with temperature,
increased daily maximum 8 h average O3 by 0.34 ppb K−1 on average. Absolute
humidity smaller impact on daily maximum 8 h average O3 (−0.025 ppb for each
percent increase in absolute humidity). 

Domain-average responses to changes in wind speed, mixing height, cloud
li id d i l d h h ll f did hliquid water content, and optical depth rather small, factors did have
appreciable local effects in many areas. 

T t l h d l t ff t i lit t d d d 2 5 KTemperature also had largest effect on air-quality standard exceedances; a 2.5 K  
temperature increase led to a 30% increase in the area exceeding the EPA
standard. 

Wind speed and mixing height also had appreciable impacts on ozone air-quality
standard exceedances.
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O ll ti & li tOzone pollution & climate 
literature

M l t l 2007 ff li t t f i l li t d l R CMMeleux et al. 2007 use off line output from a regional climate model RegCM 
-domain covers Europe 50km grid, 18vertical levels 6 lie in PBL
to drive a chemistry transport model (CTM) CHIMERE 0.5 deg resolution 8 levels 
from surface up to 500hPa used operationally for air quality prediction and pollutionfrom surface up to 500hPa – used operationally for air quality prediction and pollution 
dispersion studies.  

Motivation climate change simulations project warmer and drier summerMotivation climate change simulations project warmer and drier summer
conditions over Western Europe and the Mediterranean region in future potentially yield 
increase in summer background ozone concentrations. Observed trends in European
summer climate recently observed are similar to simulated future projections. Duringsummer climate recently observed are similar to simulated future projections. During
summer 2003 pollutant ozone levels were very high.
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O ll ti & li tOzone pollution & climate 
literature

M l t l 2007 Fi 1 Diff b t B2 (2071 2100) d t d (1961Meleux et al. 2007 Fig. 1. Difference between B2 (2071–2100) and present day (1961–
1990) for average summer temperature (Kelvin, 1a) and average precipitation 
(mm/day, 1b).
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Ozone pollution & climate 
literature

Meleux et al. 2007 Fig. 3. Difference in average peak daily near-surface ozone mixing 
ratio (ppb) between A2 and present day (a) and between A2 and B2 (b); difference 
in average ozone mixing ratio (ppb) between A2 and present day (c) and between 
A2 and B2 (d).

daily max

daily averagey g

ACCENT Summer School 2008   
Ozone and Climate   Andy Morse



Ozone pollution & climate 
literature

Meleux et al. 2007 Fig. 4. Average number of days exceeding the ozone information (a) 
and the ozone warming (b) thresholds per summer over 12 European countries. The 
averages are calculated using all 30 summers of each simulation. Black is for the 
present day run, gray is for the B2 run and white is for the A2 run. Countries are, 
from left to right, Austria, Belgium, Denmark, France, Germany, Ireland, Italy, 
Luxembourg, Netherlands, Portugal, Spain and UK.

Information threshold Warning threshold
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Ozone pollution & climate 
literature

Meleux et al. 2007 conclude

“Our simulations show that ozone increases under projected changes in summer 
European climate and can potentially pose an increasingly serious threat to human 
health and the environment in Europe, especially over western and central Europe. 
This is mostly because of the large increase in temperature and decrease in 
cloudiness projected for summer European climate, which leads to higher 
photochemical production of ozone from biogenic species” 

“We thus assess that our findings are robust. This robustness is further strengthened by 
the similarities we find between our future air quality simulations and the 

ti l ( d d t ti ) diti f d d i th f 2003 hi hexceptional (and devastating) conditions found during the summer of 2003, which 
many believe will be much more frequent under increased GHG forcing”
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Brief Introduction to Climate Change Modelsg

Source NOAA - Differential equations - basic laws of q
physics, fluid motion, and chemistry. Model  3-Dl grid, 
solve equations Models in each grid box calculate winds, 
heat transfer, radiation, relative humidity, and surface 
hydrology and  interact with neighboring grid boxes.
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Brief Introduction to Climate Change Models

Figure 1.2

IPCC 2007 Figure 1.2. The complexity of climate models has increased 
over the last few decades. The additional physics incorporated in the models 
are shown pictorially by the different features of the modelled world.
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Brief Introduction to Climate Change Models

Figure 1.4

IPCC 2007 Figure 1.4. Geographic resolution g g p
characteristic of the generations of climate models 
used in the IPCC Assessment Reports: FAR (IPCC, 
1990), SAR (IPCC, 1996), TAR (IPCC, 2001a), and 
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Brief Introduction to Climate Change Models

IPCC 2007  SPM

ACCENT Summer School 2008   
Ozone and Climate   Andy Morse



Brief Introduction to Climate Change Models

Figure SPM.2

IPCC 2007 Figure SPM.2. Global average radiative forcing (RF) estimates and 
ranges in 2005 for anthropogenic carbon dioxide (CO2), methane (CH4), nitrous 
oxide (N2O) and other important agents and mechanisms, together with the 
typical geographical extent (spatial scale) of the forcing and the assessed level of 
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Brief Introduction to Climate Change Models

Figure 3.1

IPCC 2007 Fi 3 1 A l li f l b l l d f iIPCC 2007 Figure 3.1. Annual anomalies of global land-surface air 
temperature (°C), 1850 to 2005, relative to the 1961 to 1990 mean for 
CRUTEM3 updated from Brohan et al. (2006).
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Brief Introduction to Climate Change Models

FAQ 9.1, Figure 1

IPCC 2007 FAQ 9.1, Figure 1. Summer temperatures in Switzerland from 1864 
to 2003 are, on average, about 17°C, as shown by the green curve. During the 
extremely hot summer of 2003, average temperatures exceeded 22°C 
after Schär et al. 2004
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Brief Introduction to Climate Change Models

Figure 10.4

IPCC 2007 Figure 10 4 Multi model means of surface warmingIPCC 2007 Figure 10.4. Multi-model means of surface warming 
(relative to 1980–1999) for the scenarios A2, A1B and B1, shown 
as continuations of the 20th-century simulation. Values beyond 
2100 are for the stabilisation scenarios
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Brief Introduction to Climate Change – ENSEMBLES project

• ENSEMBLES September 2004 to December 2009

• Supported by €15M of European Commission funding, 
coordinated by Met Office Hadley Centrey y

• 67 partners from across EU, Switzerland, Australia, US 

• Collaborates with other international projects

• Brings together a wide range of climate change-related research 
communities
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Brief Introduction to Climate Change – ENSEMBLES project

• Run ensembles of different climate models to sample uncertainties

• Assess reliability of models for historical periods

• Working towards a probabilistic framework for projections of climate 
change

• Do this for 
l t d d l d l ti l– seasonal to decadal and longer timescales

– global, regional and local spatial scales
– use in wide range of applications of societal relevanceuse in wide range of applications of societal relevance
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Brief Introduction to Climate Change – ENSEMBLES project

1. Develop an ensemble prediction system based on global and
regional climate models validated against observations andregional climate models, validated against observations and 
analyses, to work towards a probabilistic estimate of uncertainty
in future climate at the seasonal, decadal and longer timescales

2. Quantify and reduce uncertainty in the representation of 
physical, chemical, biological and human-related feedbacks in the 
Earth System

3. Exploit the results by linking the outputs to a range of 
applications, including agriculture, health, food security, energy, 

t iwater resources, insurance
We are aiming to increase availability of scientific knowledge and 
provision of relevant information related to the impacts of climate 
changechange
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P féPause café

ith l ti f ti l T k 1with completion of practical Task 1
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I t ti I t ith Cli t Ch M d lIntegrating Impacts with Climate Change Models 
Ensemble prediction systems

EU FP5 DEMETER – seasonal ‘end-to-end’ in practice 
EU FP6 ENSEMBLES – s2d, ACC (AOGCM, ESSM, RCM) – towards 

l id d h llseamless ideas and user challenges
EU FP6 and NERC-UK AMMA –observation, user validation, model 
development, model applications EPS, training
THORPEX & THORPEX-Africa out to 15 days
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Integrating Impacts with Climate Change Models 
Weather and Climate Models

• Numerical weather forecasting – single high resolution model (25km) few days

• Medium range ensemble prediction systems (EPS) 10 to 15 days (80km) 
50 members

• Monthly EPS  - ‘just available’ – persisted SST

• Seasonal EPS 180 day integrations 50 members (125km) coupled ocean

• Decadal scale EPS very experimental – currently 13 months out to 10 yearsy p y y

‘decadal gap’ period 2010 to 2050 – key new funding focus UK and US

• Climate models – typically run through late 20th century out to 2100  
•(100 to 300km) multiple single model runs - range of scenarios 

GCM & RCM 50km to 25km
ACCENT Summer School 2008   
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- GCM & RCM 50km to 25km



I t ti I t ith Cli t Ch M d lIntegrating Impacts with Climate Change Models 

Chart from ECMWF

M d l t i lModel uncertainly-
Initial conditions 
and model physics
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I t ti I t ith Cli t Ch M d lIntegrating Impacts with Climate Change Models 

Chart from ECMWF

Southern Europe - temperature
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Integrating Impacts with Climate Change Models 

Chart from ECMWF
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I t ti I t ith Cli t Ch M d lIntegrating Impacts with Climate Change Models 
verification paradigm

from Morse et al (2005)from Morse et al. (2005)
Tellus A 57 (3) 464-475
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I t ti I t ith Cli t Ch M d lIntegrating Impacts with Climate Change Models 

biting/laying: sporogonicbiting/laying:

temperature  
dependent

sporogonic 
cycle:

temperature 
d d tdependent

larval stage:

rainfallrainfall  
dependent

Anopheles spp. 
Mosquitoes

After CDC etc.  Dynamic malaria model (LMM) - Hoshen and Morse 2004

Plasmodium 
falciparaum
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Integrating Impacts with Climate Change Models 

Research Examples – malaria prediction plume
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Integrating Impacts with Climate Change Models 

300

C
DEMETER driven malaria re-forecasts for Botswana 

from Jones and Morse (2009) forthcoming
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RCM and observed temperature trends
Integrating Impacts with Climate Change Models 

RCM and observed temperature trends

Mean temperature 
linear trend 
(Celsius per 
d d ) f b hdecade) for both 
ERA40 RCM 
CTL and the ECA 
b ti (JJAobservations (JJA 

1961-2001)
Thanks to 
Cyril CaminadeCyril Caminade –
pilot plot subject to 
change
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RCM temperature differences
Integrating Impacts with Climate Change Models 

RCM temperature differences

Mean temperature 
difference 
between 
SRESA1B (2030SRESA1B (2030-
2050) and the 
CTL (1961-2001) 

i t fexperiments, for 
the summer 
season (JJA)
Thanks toThanks to 
Cyril Caminade –
pilot plot subject to 
changeg
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Integrating Impacts with Climate Change Models 

Temperature anomalies RCMs and ObservationsTemp anomaly index 
(C). The anomaly are 
computed  with 

h 1961respect to the 1961-
2001 climatology 
(JJA season),  only 

ti t l lcontinental values 
are considered
the envelope depicts 
2 standard deviation2 standard deviation 
of the simulation 
ensemble with 
respect to therespect to the 
ensemble mean 
(orange SRESA1B, 
blue ERA40blue ERA40 
control).Thanks to 
Cyril Caminade –
pilot plot subject to 
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Integrating Impacts with Climate Change Models 

Climate with potential for BT transmission

Thanks to 
Cyril Caminade, 
Matthew Baylis 
and Helene Guis
all University of 
Liverpool 

il l bj– pilot plot subject 
to change
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SummarySummary
• Shown that ozone is a important greenhouse gas and perhaps the least 

understoodunderstood

• Troposphere ozone is a public health issuep p p

• Relationship between ozone concentrations and meteorology

• Integration of impacts models into seasonal scale EPS and RCMs

• Test a simple temperature/ozone model for areas in Europe
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E l ti f th P ti l E iExplanation of the Practical Exercise

1. Background
2 Task 12. Task 1 
3. Task 2 
4. Task 3. s 3
5. Task 4
6. Final Summary and Report Back
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P ti l E i B k dPractical Exercise – Background

Purpose 

1. Derive simple relationship between maximum temperature 
and maximum ozone concentrations 
2. Use relationship with various data sets e.g. gridded observed and reanalysis 

data, regional climate model control runs and future climate runs
3 Discuss limitations of the approach and assumptions made at each step3. Discuss limitations of the approach and assumptions made at each step. 
4. Team activity - work teams of one, two but no more than three
5. Combine and compare results
6 Introduce ideas of the probabilistic use of climate data as an estimation of6. Introduce ideas of the probabilistic use of climate data as an estimation of 

uncertainty

I i h i i d l i li d lInvestigate how to integrate impacts model into climate model output 
and not the production of the definitive ozone model.
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Practical Exercise – Task 1
Construction of a maximum ozone ‘model’ from maximum temperatures

May have completed first part before the climate ozone day  or at least have y p p y
‘digitised’ the data.  (Digitised O3)

1 Using plot from New York - read off by eye and tabulate in a excel1. Using plot from New York read off by eye and tabulate in a excel 
spreadsheet the values of Tmax and ozone max.  

2 Fit a curve and derive an equation that describes the maximum ozone2. Fit a curve and derive an equation that describes the maximum ozone 
concentration as a function of maximum temperature 

3. Tabulate all equations from the individual line fits and plot as a plume 
hacross the same temperature range.  

4. Discuss and comment.

5. For selected temperatures calculate some descriptive statistics
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Practical Exercise – Task 2
Compare similar ozone & temperature data from Europe - ManchesterCompare similar ozone & temperature data from Europe - Manchester

Data is provided from Manchester (Mcr) in north-west England.  
(Manchester Obs)(Manchester Obs)

Gaps have been removed from the data record to allow quick analysis

1. Create a plot in the same way as for the New York data in Task1

2 T th d t l2. Try summer months data only

3. Compare NY and Mcr curves

4. What ozone concentrations does NY range of equations produce 
with Mcr temperatures?

5. Compare with NY curve produced ozone with Mcr observations
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Practical Exercise – Task 3
Move to gridded data or reanalysis dataMove to gridded data or reanalysis data

1. Take a set of ozone- temperature relationship and run 
for Manchester with gridded (ENS daily) and reanalysis (NCEP daily) data

2. Compare results with the Manchester ozone observations

3. Produce descriptive statistics to explain spread of ozone predictions3. Produce descriptive statistics to explain spread of ozone predictions 

4. Produce some form of probabilistic plot 

5. Now move on to one other city  - each group should look at one other city 
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Practical Exercise – Task 4
Move to Regional Climate Model Output

Suggest a run through with no bias corrections as first aim 
then introduce stages of bias correction.  Need to be organised with data

Non bias corrected data
1. RCM control runs
Use same location as Task3 use RCM data (RCM_control). 
Take monthly Tmax data and calculate ozone concentrations 
& compare with those from gridded data in Task3

2. RCM climate runs 
For same location use SRES project data (RCM_A1B) calculate future ozone 

concentrations

3 C f ‘ li ’ h i h ‘ li ’3. Compare future ‘ozone climate’ snapshots with current ozone ‘climate’ 
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Practical Exercise – Task 4
Move to Regional Climate Model Output

Need to be organised with data

Bias corrected data

Correct for each month – concentrate on summer months only

Repeat steps 1 to 3 with

i.  RCM control runs Tmax corrected to gridded observations (ENS monthly NCEP 
monthly)

ii. RCM climate runs corrected with biases calculated in i.

iii. Monthly temperature data ‘corrected to’ daily TMax iii. Monthly temperature data corrected to  daily TMax 
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References - websites
Introductory pictures - accessed 22 June 2008 y p

http://www.nasa.gov/centers/goddard/news/topstory/2006/ozone_record_prt.htm  
ozone hole

http://aura.gsfc.nasa.gov/outreach/garden_faq.html     - ozone damage

http://science.howstuffworks.com/ozone-pollution.htm  - polluted city

http://www.epa.gov/oar/oaqps/gooduphigh/ - ozone poster

http://www.linfield.edu/soan/et/teachin.html - burning earth image

http://www mdbc gov au/subs/The River/september2006/article2 htmlhttp://www.mdbc.gov.au/subs/The_River/september2006/article2.html 
drought – flood cartoon

http://www webwombat com au/careers ed/education/climate change htmhttp://www.webwombat.com.au/careers_ed/education/climate-change.htm  
industry – smoke

http://www who int/globalchange/climate/en/ health flow chart
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References - websites
Lecture introduction to ozone pollution accessed 22 June 2008Lecture introduction to ozone pollution - accessed 22 June 2008 

http://aura gsfc nasa gov/outreach/garden faq html ozone damagehttp://aura.gsfc.nasa.gov/outreach/garden_faq.html     - ozone damage

http://www epa gov/oar/oaqps/gooduphigh/ - ozone posterhttp://www.epa.gov/oar/oaqps/gooduphigh/ ozone poster

http://www.usgcrp.gov/usgcrp/Library/nationalassessment/overviewhealth.htm

Ozone temperature plots
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References - websites
Lecture introduction to climate change models accessed June 2008Lecture introduction to climate change models - accessed June 2008 

IPCC website

http://www.ipcc.ch/

AR4 Synthesis ReportAR4 Synthesis Report

http://www.ipcc.ch/ipccreports/ar4-syr.htm
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Data Sources
Practical Exercise accessed June 2008Practical Exercise - accessed June 2008 

http://www.airquality.co.uk/archive/index.php  - UK pollution data

http://www.tutiempo.net/en/Climate/Manchester_Airport/33340.htm  for 
meteorological data

ENSEMBLES project for ENSEMBLES gridded data and RCM data 
http://www.ensembles-eu.org/    ttp://www.e se b es eu.o g/
http://www.cru.uea.ac.uk/projects/ensembles/ScenariosPortal/Data3.htm
Please note the RCM data are provisional, subject to change and not for third 
party redistribution and are used on an as is basis with no guarantees.  p y g

For further use of the ENSEMBLES data sets please contact the project office. 
http://ensembles-eu.metoffice.com/contact.html

NCEP reanalysis data http://www.cdc.noaa.gov/cdc/reanalysis/reanalysis.shtml
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I t ti I t ith Cli t Ch M d lIntegrating Impacts with Climate Change Models 

Chart from ECMWF
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Ozone and Climate Change Practical 

 
Dr. Andy Morse,  

Department of Geography, University of Liverpool, Liverpool, U.K. 
 

A.P.Morse@liv.ac.uk 
 
Acknowledgments to Dr. Cyril Caminade, University of Liverpool for the data extraction 
for gridded ENSEMBLES data, NCEP reanalysis and the RCM control and SRES runs.   

  
Workshop 08 subject to post workshop revision edits for clarification  
 
Please read the whole handout before starting the analysis. 
 
Introduction 
The purpose of this practical exercise is to derive a simple relationship between 
maximum temperature and maximum ozone concentrations and then use this relationship 
with gridded observed and reanalysis data, regional climate model control runs and future 
climate runs from a series of locations in Europe. At each stage we will discuss the 
limitations of the approach and assumptions we are making.  From the lecture we know 
ozone is controlled to some extent by meteorological variables and temperature is just 
one of them. 
 
This is very much a team activity and you will be expected to work on individual parts of 
the practical in work teams of one, two but no more than three and then to combine your 
results with those of the other teams.  We hope to introduce ideas of the probabilistic use 
of climate data, to make an estimation of uncertainty, and we will reflect on some of the 
assumptions that are made.  The purpose of this practical is to start to investigate how to 
integrate impacts model into climate model output and not the production of the 
definitive ozone model. Whilst the methods used here are simple they are not dissimilar 
to those current been used in conjunction with Veterinary researchers in Liverpool to map 
blue tongue (an important emerging disease in animals with a significant economic 
impact) risk in Europe. 
 
The exercise is split into a series of tasks – each task is mostly self contained and can 
provide an exit point if time is limited.  It is envisaged that we will stop at the end of each 
task and make some informal presentations and have some discussion of the results so far 
and combine the results from different work teams. 
 
If time allows I have some additional data and we can take further avenues of 
investigation of the data. 
 
As this data practical is supervised there are only brief notes here but they will be backed 
up in the session by on going help and advice. 
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Task 1 Construction of a maximum ozone ‘model’ from maximum temperatures. 
 
It is hoped you might have completed this before the workshop or at very least you will 
have ‘digitised’ the data.  Using the plot from New York read off by eye and tabulate in a 
excel spreadsheet the values of Tmax and ozone max.  Then fit a curve and derive an 
equation that describes the maximum ozone concentration as a function of maximum 
temperature.  It is expected each of you will have a different equation.  A larger version 
of the New York data plot at the back of this practical. If you find it easier to use my  
own ‘digistised’ plot then use this one.  
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 Here is my plot  

New York Tmax vs Ozone max

y = 0.6225x2 - 20.116x + 273.3
R2 = 0.708

0

100

200

300

400

500

600

5 10 15 20 25 30 35 40

Tmax C

O
zo

ne
 u

gm
-3

 
I fitted a second order polynomial line.  You should all have slightly different plots and 
fitted line equations.  Also converted from ppb to μg.m-3 just multiply ppb by 2. 
 
Next we need to tabulate all the equations from our line fits and plot as a plume across 
the same temperature range.  Please discuss and comment on what you get.  For selected 
temperatures you may wish to calculate some descriptive statistics.  We will discuss what 
this all means and why are we all doing the same thing at the end of the task. 
 
Task 2  Compare similar ozone & temperature data from Europe 
 
Data are provided from Manchester in north-west England.  Gaps have been removed 
from the data record to allow analysis to be undertaken in excel.  Please plot ozone max 
vs. temperature max.  Here is my plot for the whole year (all months) for several years. 
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T max vs O3 max Manchester - (Ringway T - Piccadilly O3)

y = 0.0184x3 - 0.7432x2 + 10.009x + 4.5691
R2 = 0.2227
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Does it look the same as New York?   I would suggest you concentrate on the ‘summer’ 
months say May to September.  Try taking about five summers for each team.  If the plot 
is too noisy add further years.  How does the curve produced compare with New York?  
What would the New York function produce for Manchester temperatures?  How far are 
they from the Manchester observations? 
 
Which should we use for Europe – is the relationship between ozone and temperature 
controlled by climate types or by other factors? 
 
Task 3  Move to gridded data or reanalysis data. 
 
Choose one set of relationships (different teams use your own equation relating 
temperature and ozone if using the NY data) between temperature and ozone using the 
line fit equation either from Manchester or New York.  Run these with the daily gridded 
Tmax data from a grid point of ‘Manchester’ use NCEP and ENSEMBLES (ENS) daily 
data.  Compare with the Manchester observations ozone max observations.  Can we 
extend this to other locations in Europe?  What problems do we foresee?  Can we develop 
some probabilistic plots or statistical analysis to describe the uncertainty in these ozone 
simulations?  For example calculate the statistical spread for a given set of temperatures 
using simple descriptive statistics mean, median variance, skewness, interquartile range.  
How does the data spread look for other cities in Europe (take one other location in each 
team – it does not matter if locations are used by more than one team) and predict ozone 
concentrations from the reanalysis and griddled observation datasets using the same 
temperature-ozone relationship as before.  Can you make any use of the monthly data?  
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What happens if you can only rely on monthly data output in a future climate from the 
Regional Climate Model.  We may need to come back to this last point for the next Task. 
 
Task 4 Move to Regional Climate Model Output 
 
For this section you need to organised in sorting the different data sets with and without 
bias corrections and with and without daily maximum corrections.  It will be easy to get 
into a muddle if data are not correctly labelled in your spreadsheets.  If all steps below are 
taken it might take too long to complete.  So, first of all run through with the raw data as 
a first look.  Then go back and improve the work by trying to account for biases. 
 
You have four RCM models for the control and only three for the SRES projections. 
Please try and run with ALL the models. 
 
Raw data runs 
Firstly, run with the RCM control runs then RCM SRES projections.  Compare the values 
from the projected climate for future time slices with current climate control runs and 
twentieth century projection runs start.  
 
Daily mean correction to monthly data 
To compare month data with daily data look at the differences between the climate of 
mean daily max. and for a monthly mean maximums for each ‘summer’ month i.e a mean 
made of daily maximums and monthly maximums.  This difference will give an offset 
between the average daily maximums and the monthly means maximums for each month.  
I have some figures I calculated with station data to compare with the gridded data values 
that you will calculate. 
 
RCM control runs 
Choose one location for which there are RCM data (RCM_control). Using monthly RCM 
output  – you firstly need to compare its temperature output within the current climate.  
Undertake this comparison with the gridded observations and/or reanalysis you need to 
construct a month by month temperature correction.  You need to do this only for the city 
you are working on.  Then compare the ozone output with bias corrected and uncorrected 
temperature data from the RCM.  Then run with the daily max. corrections as calculated 
above.  Do not worry if you do not have time to do all of these tasks.  
 
I leave it to you if you want to work on ‘summer months’ only or all the year. 
 
RCM SRES projections 
You should then run the ozone projections with future climate projection data 
(RCM_A1B) and make comparison to the bias corrected (using the current climate 
biases) current century runs with non-bias corrected runs.  How much more ozone might 
there be with future temperatures? What are the differences between now and the future. 
What are the problems of assuming the relationship derived with recent data holds true 
into the future?  
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Combine the output from different cities to produce a ‘Europa’ plume.  
 
Reflection 
 
We need some reflection on the process that we have been through and what we have 
learnt at each step. 
 
 
Assessment 
 
There is no formal assessment but at the end of the practical we will review the work that 
has been done, making short informal presentations if required, and identify area that 
were difficult or needed more support as well as those sections which worked well. I 
would like to see what you got from the exercise and would ask for a short report of no 
more than 1000 words and six graphics (figures or tables) to be produced.  Please include 
a reflective section of what worked and what did not work with the practical.  I would 
encourage you to write up key results as you go along. 
 
Data Sources 
 
http://www.airquality.co.uk/archive/index.php  - UK pollution data 
 
http://www.tutiempo.net/en/Climate/Manchester_Airport/33340.htm  for meteorological 
data 
 
ENSEMBLES project for ENSEMBLES gridded data and RCM data  
 
http://www.ensembles-eu.org/    
http://www.cru.uea.ac.uk/projects/ensembles/ScenariosPortal/Data3.htm 
 
needs full ENSEMBLES gridded data link 
 
Please note the RCM data are provisional, subject to change and currently not for third 
party redistribution and are used on an as is basis with no guarantees.  The ENSEMBLES 
gridded data usage beyond this workshop needs registration at … 
 
For further use of the data sets please contact the project office. http://ensembles-
eu.metoffice.com/contact.html 
 
NCEP data http://www.cdc.noaa.gov/cdc/reanalysis/reanalysis.shtml 
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Original New York plot 
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New York Tmax vs Ozone max
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Andy’s digitisation of the New York data – use this version if it is easier to read. 


