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OVERVIEW 
 

Most research to date has considered trans-boundary atmospheric pollution and climate change 
separately, even though they share many common drivers and methods of mitigation.  There is a 
particular dearth of work in the UK on these linkages.  Such work is important because (i) 
synergies and pitfalls in policy terms may be identified, and (ii) cost-effective strategies may be 
devised which distribute emission abatement efforts between pollutants and countries in such a 
way as to deliver on both greenhouse gas mitigation and air pollution reduction targets.  This 
project seeks to develop the ability of the Community Integrated Assessment System (CIAS) 
being developed at Tyndall to model the interactions between climate and air pollution policies. 

Its objectives were to exchange information on modelling approaches with the International 
Institute of Applied Systems Analysis (IIASA) in Austria who are experienced in air pollution 
modelling, to devise a new methodology to prepare for CIAS to incorporate the IIASA work on 
long-range transboundary air pollution on a country-specific basis, and specifically to develop 
foundations for a new dynamic module simulating technical choice and fuel switching on a 
country by country basis to allow joint simulation of greenhouse gases and air pollutants. 

The information exchange showed that IIASA’s approaches were so fundamentally different from 
Tyndall’s that joint work, or direct linkage with RAINS modules, were not feasible on the short 
2-person month timescale of the project, which was therefore merged with ETech Tyndall project 
IT1.19, and its aims re-directed towards enhancing the work of ETech in allowing the global 
economic model E3MG, a key component of CIAS, to simulate emissions of methane and black 
carbon, since emissions of sulphur dioxide, oxides of nitrogen and volatile organic compounds 
were already adequately covered.    

This 2-person-month project derived an estimate for the coefficient for unit methane emissions 
from various fossil fuels.  Secondly, it provided estimates of black carbon emissions from a small 
number of key technologies in the six fuel sectors treated in the economics model, E3MG.  The 



project focused on black carbon emissions in China, which is responsible for approximately a 
quarter of global anthropogenic emissions due to its high usage of coal and biofuels.     

This project has improved the simulation of methane emissions in the economic model, E3MG, 
and has taken one step towards enabling the E3MG model to simulate the emissions of black 
carbon and primary particulate matter.  When BC and PM emissions are available from E3MG 
they will enable policy questions relating to the enhanced use of diesel relative to petrol as a 
transport fuel (a potential method to reduce CO2 emissions from the transport sector) to be 
addressed, taking into account the radiative forcing and health implications of BC and PM 
emissions.   
 
Through the project the first steps were taken towards the joint modelling of air pollution and 
climate within the CIAS integrated assessment model being developed under the theme 1 flagship 
project.  Ultimately this will enable CIAS to examine the interactions between climate and air 
pollution policy on an international scale. 
 

 

TECHNICAL REPORT  
 
Abstract 
 
Trans-boundary atmospheric pollution and climate change have traditionally been researched  
separately, whilst synergies and pitfalls in policy terms may be identified if the two are 
considered together. This project sought to develop the ability of the Tyndall Community 
Integrated Assessment System (CIAS) to model the interactions between climate and air pollution 
policies through an exchange of information with the International Institute of Applied Systems 
Analysis (IIASA) and through the development of foundations for a new dynamic module 
simulating technical choice and fuel switching on a country by country basis to allow joint 
simulation of greenhouse gases and air pollutants.  The IIASA approaches proved too different 
from those of Tyndall to move forward on new module foundations, so the project was merged 
with ETech (IT1.19) and refocused on improving the treatment of air pollutants in the economic 
model E3MG, a component of CIAS.   The project derived an estimate for the coefficient for unit 
methane emissions from various fossil fuels.  Secondly, it provided estimates of black carbon 
(BC) emissions from key technologies, focusing on China which emits 25% of global BC 
emissions.   This has taken a step towards enabling the simulation of BC and other particulate 
matter (PM) emissions and hence towards the analysis of policy options which may reduce 
carbon dioxide emissions whilst increasing PM emissions which influence radiative forcing and 
have human health implications.  

 
Objectives 
 

In this project, we proposed to lay the groundwork for the development of an integrated 
assessment modelling system to examine potential future climate change (CC) and long-range 
trans-boundary air pollution (TAP) levels in Europe within the same framework.  CC and TAP  
policies interact strongly in a number of ways, most notably through technological choice and 
fuel switching which affect emissions of greenhouse gases such as carbon dioxide (CO2) and 
methane, (CH4) and air pollutants such as sulphur dioxide (SO2), nitrogen oxides(NOx) and 
volatile organic compounds (VOC).  Other interactions exist through atmospheric chemistry – for 



example because NOx and VOCs produce ozone, a greenhouse gas in the troposphere, and 
because SO2 becomes oxidised to form sulphates which have a negative radiative forcing.   

Most research to date has considered trans-boundary atmospheric pollution and climate change 
separately, even though they share many common drivers and methods of mitigation.  There is a 
particular dearth of work in the UK on these linkages.  Such work is important because (i) 
synergies and pitfalls in policy terms may be identified, and (ii) cost-effective strategies may be 
devised which distribute emission abatement efforts between pollutants and countries in such a 
way as to deliver on both greenhouse gas mitigation and air pollution reduction targets. 

To achieve this is it necessary to link an existing integrated modelling system for climate change, 
as exemplified by the Community Integrated Assessment System (CIAS) model being pioneered 
under the Tyndall Centre’s theme 1 research and regional integrated assessment models for trans-
boundary air pollution, such as RAINS (http://www.iiasa.ac.at/web-apps/tap/RainsWeb/) and 
RAINS-ASIA (http://www.iiasa.ac.at/Research/TAP/rains_asia/docs/rains.asia.html).  It is within 
the economics and energy modelling that this linkage is most appropriately made, due to the 
common emission scenarios.  Therefore this project makes a perfect complement to supplement 
the Tyndall project ETech+: Technology policy and technical change, a dynamic global and UK 
approach (Anderson et al., 2005). 
 

Our original objectives were: 

a).  For the consortium to achieve a mutual understanding of approaches to energy modelling 
associated with the RAINS model at IIASA and those carried out by Imperial College Centre for 
Energy Policy and Technology, and to review existing approaches to the joint modelling of air 
pollution and climate change.  
 
b).  To devise a new methodology for extending the existing CIAS integrated assessment 
modelling system to incorporate a module that treats long-range trans-boundary air pollution on a 
country specific basis, the RAINS TAP module.  The methodology will be applicable to both 
RAINS-EUROPE and RAINS-ASIA. 
 
c)  To  develop the foundations for a new dynamic module, DETA, (Dynamic Extension to Trans-
boundary Air Pollution) simulating technical choice and fuel switching on a country by country 
basis, which will form the cornerstone of Tyndall’s ability to link climate change policies with 
emission scenarios for SO2, NOx and primary particulate matter (PM) as well as greenhouse 
gases. 
 
 
Work undertaken and Results 
 
Objective (a) 
 
Our aim was to share energy modelling experiences with the International Institute of Applied 
Systems Analysis (IIASA) in Austria. (IIASA had done much of the modelling work for the 
Special Report on Emissions Scenarios, led by Dr. Nakicenovic). Meetings were held in Vienna 
in January 2004 at which time a full exchange of experiences was obtained.  A second workshop 
had been planned for the late Spring 2004, but this was felt to be unnecessary since IIASA had 
wrapped up their climate change modelling work on a global level, and were in the throes of 
recalibrating their RAINS-Europe model to include a full range of greenhouse gas emissions; this 
is, of course, important work, but not concerned with the macro-economic modelling of responses 

http://www.iiasa.ac.at/web-apps/tap/RainsWeb/


to climate change on the lines discussed above. For this reason, we decided to redirect the 
research under the supplementary grant to complete our efforts on the modelling and estimation 
of parameters for a range of greenhouse gases and local pollutants.  
 
IIASA and ICCEPT present below their recent advances in (i) joint modelling of air pollution and 
climate and (ii) dynamic modelling of technical change. 
 
Progress at IIASA   
Progress at IIASA includes a plan to extend RAINS to consider renewable energy in India and 
China, and an extension of the RAINS energy projections to 2030, by fuel use per sector.  
Information from Asia has been provided from governments.  China is handled at the province 
level.  India and China have been studied internally at IIASA.  Energy projections for Europe 
come from the model PRIMUS, which comprises a mixture of simulation and optimisation, and 
originates at the National Technical University of Athens, Greece.  Complex country level partial 
equilibrium energy models exist to 2030.  Data on transport was taken from Auto-Oil for Europe.  
Previously, work linking energy models to RAINS beyond 2010 had treated Europe only as a 
single region.  Another key advance is that fuel substitution is now included in RAINS as an 
option for emission abatement.  Costs and the potential for substitution come from PRIMUS.   
About 60 combinations of possible fuel substitutions can be considered in the power sector.  
Currently this methodology for fuel substitution has only been applied to the power sector and 
only in Europe.  For Asia it is difficult to project sufficiently far into the future to continue this 
approach. 
 
IIASA had already previously used the MESSAGE model 
(www.wgbu.de/wbgu_sn2003_ex03.pdf) to produce a realistic interpretation of non-GHG 
emissions for the SRES scenario B2.  This is because the assessments of some of the non-GHG 
air pollutant emissions for SRES were extremely misleading: specifically, although the emissions 
of SO2 for the SRES scenarios were considered to be correct, the emissions of NOx and VOC 
were too high by a factor of three or four.  Pollutants covered by MESSAGE are SO2, NOx, 
VOC, PM, black carbon (BC), ammonia (NH3), with Europe treated at the country level, Africa 
at the continent level, Russia as a single unit.     
 
IIASA is now generating country level cost curves for six GHGs in Europe: CO2, CH4 are now 
finished and first results are available.  N20-NH3 and CH4-N20 relationships are taken into 
account.  So far CO2 and CH4 cost curves have been completed and synergies have been 
identified with CH4 control and agriculture: converting manure to biogas, preventing the 
emission of CH4. 
 
In the RAINS model, three scenarios for future emission control of carbon dioxide had been 
analysed at IIASA for their costs and the co-benefits for air pollution reduction: 

(a) Application of a 15% CO2 emission reduction in the European power sector subject to an 
exogenous energy demand, achieved through fuel substitution from high carbon fuels to 
cleaner fuels 

(b) Achieving the same reduction in climate change by reducing another potent greenhouse 
gas, methane.  This is called a 15% CO2 equivalent reduction. 

(c) As (b) but allowing biomass to be used in domestic fuel 
 
The results show that in scenario (a) large reductions in the emissions of SO2 occur.  They also 
show that the costs of the CO2 emission reduction required to reduce a given amount of SO2 is 
actually less than the cost of reducing this SO2 by conventional Flue-Gas Desulphurisation 
(FGD) technology.  Thus, fuel substitution is cheaper than the FGD that you would otherwise 



have had to install to control the air pollution.  Furthermore, there are substantial health benefits 
associated with these reductions in SO2 emissions.  In scenario (b), emission reductions are 
cheaper still because of the flexibility to reduce emissions of methane.  The outcome is that the 
scenario (a) has very low costs compared to air pollution only policy to reduce SO2, and that (b) 
has negative costs once the benefits to human health are taken into account.  The use of biomass 
in domestic fuel was shown to be particularly beneficial in cost-benefit terms.   
 
A potential future collaboration with IIASA was identified through potential links between 
RAINS and the MAGICC (or another) climate model component of CIAS.  
 
Progress at ICCEPT 
 
The Tyndall Working Paper 59 “Modelling innovation & threshold effects in climate change 
mitigation” (Anderson & Winne, 2004) was presented at IIASA in January 2004.  A potential to 
verify the dynamics using empirical data was identified. 
 
Objectives (b) and (c) 
 
Following this exchange of ideas, it became apparent that owing to the widely differing 
approaches and timescales for modelling being adopted at IIASA and ICCEPT, that it was not 
going to be feasible to develop a new methodology jointly under the small amount of funding (2 
person-months) of this project.  The RAINS method of calculating annualised marginal cost 
curves is very different from the dynamic approach being developed at Tyndall..  Furthermore,  
IIASA believe that it is not possible to predict with sufficient spatial detail the future distribution 
of fuel use in Europe so as to be able to map future emissions by country.   
 
Thus the project was re-directed so that the link with IIASA would comprise an exchange of ideas 
whilst each institution would develop independent ideas about how to model air pollution 
emissions rather than pursuing joint work on energy projections.  However, in developing our 
own approach we still allow for future connections to make to RAINS’s atmospheric transport 
and deposition modules, to which a simple connection could be made with softIAM/CIAM-n 
project. 
 
Having concluded that Tyndall  must develop its own joint scenarios of GHG and air pollutants, 
the project’s objective would now be to establish a method of incorporating non-GHG pollutants 
in the economics model E3MG,  the global dynamic economic model being developed under a 
separate Tyndall project IT1_19 (ETech: Modelling technological change and Anderson et al., 
2005)  For this reason it was decided to merge the projects and hence some material appears in 
both project reports. 
 
A more detailed breakdown of fuel use/sector is required to produce the air pollutant emissions 
than to produce the GHG emissions.  Originally, the E3MG model had not provided for such a 
detailed treatment.  The merger of the two projects led to the development of a sufficiently 
detailed treatment to allow an adequate treatment of air pollutant emissions in E3MG. 
 
Extant emission data in E3MG 
 
E3MG is a “top-down” model, so the emissions from non-CO2 gases (SO2, NOX, CH4, VOCs, 
N2O, HFCs, PFCs, and SF6) are modelled by inference rather than by incorporation of emission 
factors and activity rates as would be the case in a “bottom-up” model.  The data required for the 
treatment of air pollutants is therefore the total annual emissions of each pollutant in each region, 

http://www.tyndall.ac.uk/portal/staffpages/staff-view.php?id=7


so that it is not necessary to work directly from the emission factors and activity rates of various 
pollutant-producing human activities.   

(1) from each fuel user covered in E3MG, CO2 emissions from use of fuels for energy 
generation were obtained from the International Energy Agency (IEA) (data is available 
for all years, but only 1970, 1980, 1990 and 2000 were required for E3MG) 

(2) from each emission source emissions of all pollutants covered by RIVM’s EDGAR 
database were obtained for 1990 and 1995. 

(3) time series data on six greenhouse gases, carbon dioxide from the energy sector from 
1971 to 1995, and time series data for SO2, NOx and VOCs from 1990-1995 were also 
taken from EDGAR. 

 
Hence, CO, PM, BC, lead (Pb) and chlorofluorocarbons (CFCs) were not included in E3MG prior 
to this project.   The project focused on obtaining additional data for black carbon (BC) and in 
improving the estimates of methane emissions. 
 
Work carried out through this round 3 project to model non-CO2 gases 
 
Additional work was needed to obtain data on methane (CH4) and black carbon (BC) as not as 
much information has been gathered on these pollutants, and this is where this round 3 project 
made its main contribution.  Although the EDGAR database was not able to provide any 
information on black carbon, a few other sources did have limited data which we explore further 
below.   
 
Methane 
 
Methane emissions come from a number of sources including transport, agriculture, biomass 
burning, landfills, industry, and fossil fuels.  There is a good deal of uncertainty regarding the 
estimation of methane from some of these sources and data can be quite limited.  Therefore, 
rather than examining all sources of methane, for now we will just focus on estimating methane 
emissions from fossil fuels, specifically, gas and coal.   
 
The National Institute for Public Health and the Environment (RIVM) has made available a good 
deal of methane emissions data from the EDGAR database.  The following table gives CH4 
emissions for a number of sources for thirteen regions of the world: 
 
Table 1: CH4 Emissions (in Tg) in 1995. 

CH4  Total 
Fossil 
fuel Biofuel

Industrial 
processes Agriculture 

Biomass 
Burning 

Waste 
handling 

 Global total 301.9 91.1 13.9 0.8 134.1 6.5 55.7 
 Canada 5.8 2.1 0 0 1 1.5 1.2 
 USA 39.8 21.5 0.3 0.1 7.5 0.2 10.3 

 
OECD 
Europe 17.4 4.3 0.1 0.1 7.7 0.1 5 

 Oceanica 6.3 1.3 0 0 4.2 0.1 0.6 
 Japan 2.9 0.8 0 0.1 0.4 0 1.6 

 
Eastern 
Europe 8.2 4.7 0.1 0 2.2 0 1.2 

 
Former 
USSR 36 24 0.3 0.1 7.8 0.1 3.7 

 
Latin 

America 35.1 3.4 0.5 0 21.8 2 7.2 



 Africa 26.7 3.5 3.6 0 14.5 1 4.1 
 Middle East 9.9 6 0.2 0 2.2 0 1.5 
 South Asia 42.3 1.9 4 0 28.2 0.1 8.1 
 East Asia 48.2 13.5 2.9 0.2 23.9 0 7.6 

 
South East 

Asia 23.3 4 1.8 0 12.7 1.3 3.5 
 
 
 
 
Figure 1: 

CH4 emissions (Tg) 1995: Global total
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Using this data we were able to obtain an estimate for the coefficient for unit methane emissions 
for fossil fuels.   
 
Black Carbon  
 
Data for black carbon emissions is even more difficult to find and more uncertain than data for 
methane emissions.  Therefore total black carbon emissions from a few technologies was 
estimated, rather than attempting to calculate black carbon emissions from each technology in 
each of the six fuel sectors. We focussed on black carbon emissions in China, which is 
responsible for approximately a quarter of global anthropogenic emissions due to its high usage 
of coal and biofuels (Streets, et al., 2001).  The following data was obtained on black carbon 
emissions in China:  
 
 
 



Table 2.: Summary of energy and emission estimates in China by sector and fuel type 
(Streets, et al., 2001) 

 
 
Thus we obtained an estimate for the coefficients for unit black carbon emissions for dirty coal 
and biofuel in the domestic sector.  Although we have only estimated black carbon emissions 
from biofuel and coal use in the domestic sector, they are indeed the most significant source of 
black carbon emissions.  It would be useful to obtain similar estimates from other developing 
countries, such as India. 
 
Relevance to Tyndall Research strategy 
 
The project has enabled the CIAS integrated assessment framework to be able to provide more 
accurate responses of methane emissions to carbon taxes as applied in the E3MG economic 
component of CIAS, and has provided information necessary to produce estimates of black 
carbon emissions.   When BC and PM emissions are available from E3MG they will enable 
policy questions relating to the enhanced use of diesel relative to petrol as a transport fuel (a 
potential method to reduce CO2 emissions from the transport sector) to be addressed, taking into 
account the radiative forcing and health implications of BC and PM emissions. 
 
 
 
 



Potential for Future Work 
 
1.  To complete work enabling E3MG to simulate emissions of BC and also PM, eventually 
allowing the effects of air pollution policies to reduce BC or PM upon climate change to be 
evaluated within CIAS, or similarly the effects of climate mitigation policies upon emissions of 
BC and PM and hence potential radiative forcing and human health implications. 
 
2.  To link the RAINS models for Europe and Asia with the CIAS integrated assessment model 
via the emission outputs from E3MG, to allow implications of climate policies in Europe and 
Asia for SO2 emissions and environmental impacts to be assessed and similarly to allow 
implications of air pollution policy for radiative forcing by SO2 to be explored.  In general, to 
understand the implications of air-pollution-only policy for climate change, and of climate change 
policy for air pollution, and to simulate efficient joint policies.     
 
Relevance to Tyndall Research Strategy and Flagship Project  
 
The first steps were taken towards the joint modelling of air pollution and climate within the 
CIAS integrated assessment model being developed under the theme 1 flagship project.  
Ultimately this will enable CIAS to examine the interactions between climate and air pollution 
policy on an international scale. 
 
Conclusions 
 
This small two-person-month project has succeeded in two main aims 
 

(a) to exchange information and share energy modelling experiences with IIASA, and to 
discuss the joint modelling of future emissions of CO2 and air pollutants, thus creating 
an intellectual bridge between those constructing the RAINS model for long-range 
transboundary air pollution and those constructing the E3MG model and CIAS 
integrated assessment modelling framework in the Tyndall Centre 

(b) to assist the future development of E3MG in broadening its ability to model non-CO2 
gases through scoping out the data on methane and black carbon emissions. 

 
Methodological development work however, could not be delivered from this project alone 
and the project was therefore merged with the ETech project Tyndall IT1.19 since it was 
found that the IIASA and ETech modelling approaches were too disparate for a direct linkage 
to be constructed as had originally been envisaged.   

 



References and Related Work 
 
Anderson, D., Kohler, J., Barker, T., Pan, H., Warren, R., Winne, S., Agnolucci, P., Ekins, 
 P., Foxon, T., Green, K. (2005) ‘Technology policy and technical change a dynamic 
 global and UK approach: Tyndall Centre Technical Report 23.’ 
 
Anderson, D. & Winne, S. (2003) ‘Innovation and Threshold Effects in Technology 
 Responses to Climate Change’ Tyndall Centre Working Paper 43. 
 
Anderson, D. and Winne, S. (2004) ‘Modelling Innovation and Threshold Effects in Climate 
 Change Mitigation,’ Tyndall Working Paper 59. 
 
ETech: Modelling technological change 
 http://www.tyndall.ac.uk/research/theme1/summary_it1_19.shtml 
 
National Institute of Public Health and the Environment (RIVM, 2002), Methane  emissions data 
 from EDGAR 3.2 database. Available at: http://arch.rivm.nl/env/int/coredata/edgar/ 
 
Tyndall Centre’s theme 1 research: 
 http://www.tyndall.ac.uk/research/theme1/theme1.shtml 
 
Streets, D., Gupta S., Waldhoff, S.T., Wang, M.Q., Bond, T.C., Bo, Y.Y. (2001), “Black 
 Carbon Emissions in China,” Atmospheric Environment  35: 4281 – 4296. 

http://www.tyndall.ac.uk/portal/staffpages/staff-view.php?id=7
http://www.tyndall.ac.uk/portal/staffpages/staff-view.php?id=102
http://www.tyndall.ac.uk/portal/staffpages/staff-view.php?id=14
http://www.tyndall.ac.uk/portal/staffpages/staff-view.php?id=155
http://www.tyndall.ac.uk/portal/staffpages/staff-view.php?id=225
http://www.tyndall.ac.uk/portal/staffpages/staff-view.php?id=236
http://www.tyndall.ac.uk/portal/staffpages/staff-view.php?id=3
http://www.tyndall.ac.uk/portal/staffpages/staff-view.php?id=56
http://www.tyndall.ac.uk/portal/staffpages/staff-view.php?id=56
http://www.tyndall.ac.uk/portal/staffpages/staff-view.php?id=60
http://www.tyndall.ac.uk/portal/staffpages/staff-view.php?id=68
http://www.tyndall.ac.uk/research/theme1/summary_it1_19.shtml
http://arch.rivm.nl/env/int/coredata/edgar/
http://www.tyndall.ac.uk/research/theme1/theme1.shtml
http://wos15.isiknowledge.com/CIW.cgi?SID=V2d39mffpfpm6pHOGhI&Func=OneClickSearch&field=AU&val=Gupta+S&curr_doc=1/6&Form=FullRecordPage&doc=1/6
http://wos15.isiknowledge.com/CIW.cgi?SID=V2d39mffpfpm6pHOGhI&Func=OneClickSearch&field=AU&val=Waldhoff+ST&curr_doc=1/6&Form=FullRecordPage&doc=1/6
http://wos15.isiknowledge.com/CIW.cgi?SID=V2d39mffpfpm6pHOGhI&Func=OneClickSearch&field=AU&val=Wang+MQ&curr_doc=1/6&Form=FullRecordPage&doc=1/6
http://wos15.isiknowledge.com/CIW.cgi?SID=V2d39mffpfpm6pHOGhI&Func=OneClickSearch&field=AU&val=Bond+TC&curr_doc=1/6&Form=FullRecordPage&doc=1/6
http://wos15.isiknowledge.com/CIW.cgi?SID=V2d39mffpfpm6pHOGhI&Func=OneClickSearch&field=AU&val=Bo+YY&curr_doc=1/6&Form=FullRecordPage&doc=1/6


 
 
The inter-disciplinary Tyndall Centre for Climate 
Change Research undertakes integrated research into 
the long-term consequences of climate change for 
society and into the development of sustainable 
responses that governments, business-leaders and 
decision-makers can evaluate and implement. 
Achieving these objectives brings together UK climate 
scientists, social scientists, engineers and economists 
in a unique collaborative research effort. 

The Tyndall Centre is named after the 19th century UK 
scientist John Tyndall, who was the first to prove the 
Earth’s natural greenhouse effect and suggested that 
slight changes in atmospheric composition could bring 
about climate variations. In addition, he was 
committed to improving the quality of science 
education and knowledge. 

The Tyndall Centre is a partnership of the following 
institutions: 
 

University of East Anglia 
University of Manchester 
University of Southampton 
University of Sussex 
University of Oxford 
University of Newcastle 
 

The Centre is core funded by the following 
organisations: 
 
 Natural Environmental Research Council (NERC) 
 Economic and Social Research Council (ESRC) 

Engineering and Physical Sciences Research 
Council (EPSRC) 

 
For more information, visit the Tyndall Centre Web site 
(www.tyndall.ac.uk) or contact: 
 

Communications Manager 
Tyndall Centre for Climate Change Research 
University of East Anglia, Norwich NR4 7TJ, UK 
Phone: +44 (0) 1603 59 3906; Fax: +44 (0) 
1603 59 3901 
Email: tyndall@uea.ac.uk 

 
 
 
 
 
 
 
 

 
 
 
 
Recent Tyndall Centre Technical Reports 
 
Tyndall Centre Technical Reports are available online at 
http://www.tyndall.ac.uk/publications/tech_r
eports/tech_reports.shtml 
 

 Arnell N. and Osborn T., (2007) Interfacing 
climate and impacts models in integrated 
assessment modelling: Tyndall Centre 
Technical Report No. 52. 

 
 Warren R., de la Nava Santos S., Ford R., Riley 

G., Bane M., Barton C., and Freeman L., 
(2007) SoftIAM: Integrated assessment 
modelling using distributed software 
components: Tyndall Centre Technical Report 
No. 51. 

 
 Challenor, P., (2007) Estimating uncertainty 

in future assessments of climate change:  
Tyndall Centre Technical Report No. 50. 

 
 O'Riordan T., Watkinson A., Milligan J, (2006)  

Living with a changing coastline: 
Exploring new forms of governance for 
sustainable coastal futures:  
Tyndall Centre Technical Report No. 49. 

 
 Anderson K., Bows A., Mander S, Shackley S., 

Agnolucci P., Ekins P., (2006) Decarbonising 
Modern Societies:Integrated Scenarios 
Process and Workshops, Tyndall Centre 
Technical Report 48. 

 
 Gough C., Shackley S. (2005) An integrated 

Assesment of Carbon Dioxide Capture and 
Storage in the UK. Tyndall Centre Technical 
Report 47. 

 
 Nicholls R., Hanson S., Balson P., Brown I., 

French J., Spencer T., (2005) Capturing 
Geomorphological Change in the Coastal 
Simulator, Tyndall Centre Technical Report 46 

http://www.tyndall.ac.uk/publications/tech_reports/tech_reports.shtml
http://www.tyndall.ac.uk/publications/tech_reports/tech_reports.shtml


 
 
 

 Weatherhead K, Knox J, Ramsden S, Gibbons 
J, Arnell N. W., Odoni, N, Hiscock K, Sandhu C, 
Saich A., Conway D, Warwick C, Bharwani S, 
(2006) Sustainable water resources: A 
framework for assessing adaptation 
options in the rural sector, Tyndall Centre 
Technical Report 45 

 
 Weatherhead K, Knox J, Ramsden S, Gibbons 

J, Arnell N. W., Odoni, N, Hiscock K, Sandhu C, 
Saich A., Conway D, Warwick C, Bharwani S, 
(2006) Sustainable water resources: A 
framework for assessing adaptation 
options in the rural sector, Tyndall Centre 
Technical Report 44 

 
 Lowe, T. (2006) Vicarious experience vs. 

scientific information in climate change 
risk perception and behaviour: a case 
study of undergraduate students in 
Norwich, UK, Tyndall Centre Technical Report 
43 

 Atkinson, P, (2006) Towards an integrated 
coastal simulator of the impact of sea level rise 
in East Anglia: Part B3- Coastal simulator and 
biodiversity - Modelling the change in 
wintering Twite Carduelis flavirostris 
populations in relation to changing saltmarsh 
area, Tyndall Centre Technical Report 42B3 

 Gill, J, Watkinson, A. and Sutherland, W., 
(2006) Towards an integrated coastal simulator 
of the impact of sea level rise in East Anglia: 
Part B2- Coastal simulator and biodiversity  - 
models of biodiversity responses to 
environmental change Tyndall Centre Technical 
Report 42B2 

 Ridley, J., Gill, J, Watkinson, A. and 
Sutherland, W., (2006) Towards an integrated 
coastal simulator of the impact of sea level rise 
in East Anglia: Part B1- Coastal simulator and 
biodiversity - Design and structure of the 
coastal simulator Tyndall Centre Technical Report 
42B1 

 Stansby, P., Launder B., Laurence, D., Kuang, 
C., and Zhou, J., (2006) Towards an integrated 
coastal simulator of the impact of sea level rise 
in East Anglia: Part A- Coastal wave climate 
prediction and sandbanks for coastal 
protection Tyndall Centre Technical Report 42A 

 Lenton, T. M., Loutre, M. F, Williamson, M. S., 
Warren, R., Goodess, C., Swann, M., Cameron, 
D. R., Hankin, R., Marsh, R. and Shepherd, J. 
G., (2006) Climate change on the millennial 
timescale, Tyndall Centre Technical Report 41 

 Bows, A., Anderson, K. and Upham, P. (2006) 
Contraction & Convergence: UK carbon 
emissions and the implications for UK air 
traffic, Tyndall Centre Technical Report 40 

 Starkey R., Anderson K., (2005) Domestic 
Tradeable Quotas: A policy instrument for 
reducing greenhouse gas emissions from 
energy use:, Tyndall Centre Technical Report 39 

 Pearson, S., Rees, J., Poulton, C., Dickson, M., 
Walkden, M., Hall, J., Nicholls, R., Mokrech, M., 
Koukoulas, S. and Spencer, T. (2005) Towards an 
integrated coastal sediment dynamics and 
shoreline response simulator, Tyndall Centre 
Technical Report 38 

 Sorrell, S. (2005) The contribution of energy 
service contracting to a low carbon economy, 
Tyndall Centre Technical Report 37 

 Tratalos, J. A., Gill, J. A., Jones, A., Showler, D., 
Bateman, A., Watkinson, A., Sugden, R., and 
Sutherland, W. (2005) Interactions between 
tourism, breeding birds and climate change 
across a regional scale, Tyndall Centre Technical 
Report 36 

 Thomas, D., Osbahr, H., Twyman, C., Adger, W. N. 
and Hewitson, B.,  (2005) ADAPTIVE: Adaptations 
to climate change amongst natural resource-
dependant societies in the developing world: 
across the Southern African climate gradient, 
Tyndall Centre Technical Report 35 

 Arnell, N. W., Tompkins, E. L., Adger, W. N. and 
Delany, K. (2005) Vulnerability to abrupt climate 
change in Europe, Tyndall Centre Technical Report 
34  

 Shackley, S. and Anderson, K. et al. (2005) 
Decarbonising the UK: Energy for a climate 
conscious future, Tyndall Technical Report 33 

 Halliday, J., Ruddell, A., Powell, J. and Peters, M. 
(2005) Fuel cells: Providing heat and power in 
the urban environment, Tyndall Centre Technical 
Report 32 

 Haxeltine, A., Turnpenny, J., O’Riordan, T., and 
Warren, R (2005) The creation of a pilot phase 
Interactive Integrated Assessment Process for 
managing climate futures, Tyndall Centre 
Technical Report 31 



 
 

 Nedic, D. P., Shakoor, A. A., Strbac, G., Black, M., 
Watson, J., and Mitchell, C.  (2005) Security 
assessment of futures electricity scenarios, 
Tyndall Centre Technical Report 30 

 Shepherd, J., Challenor, P., Marsh, B., Williamson, 
M., Yool, W., Lenton, T., Huntingford, C., Ridgwell, A 
and Raper, S. (2005) Planning and Prototyping a 
Climate Module for the Tyndall Integrated 
Assessment Model, Tyndall Centre Technical 
Report 29 

 Lorenzoni, I., Lowe, T. and Pidgeon, N. (2005)  A 
strategic assessment of scientific and 
behavioural perspectives on ‘dangerous’ 
climate change, Tyndall Centre Technical Report 
28 

 Boardman, B., Killip, G., Darby S. and Sinden, G, 
(2005)  Lower Carbon Futures: the 40% House 
Project, Tyndall Centre Technical Report 27 

 Dearing, J.A., Plater, A.J., Richmond, N.,  Prandle, 
D. and Wolf , J. (2005) Towards a high resolution 
cellular model for coastal simulation 
(CEMCOS), Tyndall Centre Technical Report 26 

 Timms, P., Kelly, C., and Hodgson, F., (2005) 
World transport scenarios project, Tyndall 
Centre Technical Report 25 

 Brown, K., Few, R., Tompkins, E. L., Tsimplis, M. 
and Sortti,  (2005) Responding to climate 
change: inclusive and integrated coastal 
analysis, Tyndall Centre Technical Report 24 

 Anderson, D., Barker, T., Ekins, P., Green, K., 
Köhler, J., Warren, R., Agnolucci, P., Dewick, P., 
Foxon, T., Pan, H. and Winne, S. (2005) ETech+: 
Technology policy and technical change, a 
dynamic global and UK approach, Tyndall Centre 
Technical Report 23 

 Abu-Sharkh, S., Li, R., Markvart, T., Ross, N., 
Wilson, P., Yao, R., Steemers, K., Kohler, J. and 
Arnold, R. (2005) Microgrids: distributed on-site 
generation, Tyndall Centre Technical Report 22 

 Shepherd, D., Jickells, T., Andrews,  J., Cave, R., 
Ledoux, L, Turner, R., Watkinson, A., Aldridge, J. 
Malcolm, S,  Parker, R., Young, E., Nedwell, D. 
(2005) Integrated modelling of an estuarine 
environment: an assessment of managed 
realignment options, Tyndall Centre Technical 
Report 21 

 Dlugolecki, A. and Mansley, M. (2005) Asset 
management and climate change, Tyndall Centre 
Technical Report 20 

 Shackley, S., Bray, D. and Bleda, M., (2005) 
Developing discourse coalitions to incorporate 
stakeholder perceptions and responses within 
the Tyndall Integrated Assessment, Tyndall 
Centre Technical Report 19 

 Dutton, A. G., Bristow, A. L., Page, M. W., Kelly, C. 
E.,  Watson, J. and Tetteh, A. (2005) The 
Hydrogen energy economy: its long term role 
in greenhouse gas reduction, Tyndall Centre 
Technical Report 18  

 Few, R. (2005) Health and flood risk: A strategic 
assessment of adaptation processes and 
policies, Tyndall Centre Technical Report 17 

 Brown, K., Boyd, E., Corbera-Elizalde, E., Adger, W. 
N. and Shackley, S (2004) How do CDM projects 
contribute to sustainable development? Tyndall 
Centre Technical Report 16 

 Levermore, G, Chow, D., Jones, P. and Lister, D. 
(2004) Accuracy of modelled extremes of 
temperature and climate change and its 
implications for the built environment in the 
UK, Tyndall Centre Technical Report 14 

 Jenkins, N., Strbac G. and Watson J. (2004) 
Connecting new and renewable energy sources 
to the UK electricity system, Tyndall Centre 
Technical Report 13 

 Palutikof, J. and Hanson, C. (2004) Integrated 
assessment of the potential for change in 
storm activity over Europe: Implications for 
insurance and forestry, Tyndall Centre Technical 
Report 12 

 Berkhout, F., Hertin, J., and Arnell, N. (2004) 
Business and Climate Change: Measuring and 
Enhancing Adaptive Capacity, Tyndall Centre 
Technical Report 11 

 Tsimplis, S. et al (2004) Towards a vulnerability 
assessment for the UK coastline, Tyndall Centre 
Technical Report 10 

 Gill, J., Watkinson, A. and Côté, I (2004). Linking 
sea level rise, coastal biodiversity and 
economic activity in Caribbean island states: 
towards the development of a coastal island 
simulator, Tyndall Centre Technical Report 9 

 Skinner, I., Fergusson, M., Kröger, K., Kelly, C. and 
Bristow, A. (2004) Critical Issues in 
Decarbonising Transport, Tyndall Centre 
Technical Report 8 

 Adger W. N., Brooks, N., Kelly, M., Bentham, S. and 
Eriksen, S. (2004) New indicators of 
vulnerability and adaptive capacity, Tyndall 
Centre Technical Report 7 



 
 

 Macmillan, S. and Köhler, J.H., (2004) 
Modelling energy use in the global building 
stock: a pilot survey to identify available data, 
Tyndall Centre Technical Report 6 

 Steemers, K. (2003) Establishing research 
directions in sustainable building design, 
Tyndall Centre Technical Report 5 

 Goodess, C.M. Osborn, T. J. and Hulme, M. (2003) 
The identification and evaluation of suitable 
scenario development methods for the 
estimation of future probabilities of extreme 
weather events, Tyndall Centre Technical Report 4 

 Köhler, J.H. (2002). Modelling technological 
change, Tyndall Centre Technical Report 3 

 Gough, C., Shackley, S., Cannell, M.G.R. (2002). 
Evaluating the options for carbon 
sequestration, Tyndall Centre Technical Report 2 

 Warren, R. (2002). A blueprint for integrated 
assessment of climate change, Tyndall 
CentreTechnical Report 1

 


	Cover
	tr53
	TECHNICAL REPORT 
	Abstract
	Objectives
	To achieve this is it necessary to link an existing integrated modelling system for climate change, as exemplified by the Community Integrated Assessment System (CIAS) model being pioneered under the Tyndall Centre’s theme 1 research and regional integrated assessment models for trans-boundary air pollution, such as RAINS (http://www.iiasa.ac.at/web-apps/tap/RainsWeb/) and RAINS-ASIA (http://www.iiasa.ac.at/Research/TAP/rains_asia/docs/rains.asia.html).  It is within the economics and energy modelling that this linkage is most appropriately made, due to the common emission scenarios.  Therefore this project makes a perfect complement to supplement the Tyndall project ETech+: Technology policy and technical change, a dynamic global and UK approach (Anderson et al., 2005).

	Work undertaken and Results
	References and Related Work


	Backcover

