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Introduction:  

Clouds are key to the radiation balance of the Earth and their development, regional coverage, frequency 
and their microphysical makeup (ice and water) is important to understand feedbacks in climate. Whilst 
there are many satellite derived and ground based data sets of cloud cover there are inconsistencies due 
to artefacts in satellite data that have lead to spurious trends in long-term observations (Petzold et al. 
2017 and Beswick et al. 2015) with more recent work showing that data sets from different satellites 
showed variability comparable in magnitude to inter-annual variability. Part of this problem is due to 
differences in sampling. Over China changes in cloud cover have been tentatively linked to increasing 
trends in anthropogenic emissions in aerosols (Bennartz et al. 2011). However there is significant 
ambiguity in these data sets and hence low confidence in our knowledge of the inter-annual and seasonal 
trends in cloud cover and how these may be linked to aerosol concentrations.  As described by the IPCC 
Science Assessment Report (Hartmann et al. 2013) “while trends of cloud cover are consistent between 
independent data sets in certain regions, substantial ambiguity and therefore low confidence remains in 
the observations of global-scale cloud variability and trends.” This project will contribute to improving our 
knowledge of cirrus and other cloud properties in an important region of the globe, the Asia-Pacific region. 

Project Summary:  

In this project you will use a combination of modelling tools and a novel data set to investigate new 
regions of the globe where rapid development and pollution emissions are occurring. You will use 
modelling tools and a new data set to investigate links to suggested changes in cloud properties in that 
region and hence the radiative budgets that might arise. A particular focus will be to analyse seasonal-
vertical distributions of Tropical and Asia Pacific cloud properties over developing urban regions as well 
as high level cirrus ice clouds in these regions to see how these might be influenced by both 
anthropogenic emissions and large-scale atmospheric oscillations (such as El Nino). This aspect of the 
work will be achieved using the IAGOS database. IAGOS – “In-service Aircraft for a Global Observing 
System” - is a European Research Infrastructure for global observations of atmospheric composition 
using instrumentation installed on commercial long-haul aircraft, Figure 1. These aircraft operate globally, 
Figure 1, providing in situ measurements with a vertical and horizontal resolution that few satellites can 
achieve and on time-scales that would be prohibitively expensive for most research aircraft to achieve. 
The IAGOS fleet currently consists of 10 aircraft operated in partnership with Lufthansa, Air France, 
Iberia, China Airlines, Hawaiian Airlines, Air Namibia and Cathay Pacific. It has delivered scientific data 
on over 53000 flights since 2013. For example, data covering 75,000 clouds were sampled by a Cathay 
Pacific aircraft alone during 4,400 IAGOS flights in this region. The fleet is being expanded to 20 aircraft 
by 2020 covering new, data sparse regions of the globe. IAGOS combines the expertise of scientific 
institutions across Europe with the infrastructure of civil aviation to provide essential data on climate 
change and air quality at a global and regional scale (http://www.iagos.org). Manchester are the UK 
partners in IAGOS and are responsible for delivery of the cloud data. You will also work with researchers 
and students from many European research institutes also working with IAGOS instrument data. IAGOS 



 

 

also hosts their own scientific symposia and you will attend these to present your work, enhance your 
knowledge and improve your research objectives through collaboration. This aspect of the work will be 
overseen by Prof. Martin Gallagher, Dr. Petzold (Julich) and Dr. Gary Lloyd.  

Whilst the observational analysis proceeds you will also undertake high-resolution modelling case studies 
to investigate the influence of aerosol emissions (using new aerosol data collected from this region) on 
seasonal convective cloud and cirrus development. This will be achieved using a version of the WRF 
model and other models to simulate Asia-Pacific coastal regions as well to investigate the influence of 
topography of aerosol-cloud interactions in these important regions. The results of the modelling case 
studies will be used to compare with the seasonal vertical distribution of cloud properties over specific 
cities across the these regions and to examine the potential anthropogenic impacts on climatological 
factors including radiative budgets. Finally you will be expected to use the knowledge gained from the 
regional scale WRF modelling to infer future impacts based on current trends in aerosol emissions and 
these may influence future mitigation policies. This aspect of the work will be overseen by Dr. Paul 
Connolly (Connolly et al. 2013, Dickenson et al. 2011). There will also be the possibility to intercompare 
the results with satellite observations. 

A further potential aspect of the work will be to examine, document and explain so-called “high-ice” 
events often experienced by commercial aircraft in these regions with a view to delivering new data sets 
for investigating aviation emissions mitigation due to re-routing. Both commercial carriers and aviation 
manufacturers are keen to understand the impact of cirrus ice crystals and their implications for flight 
operations and safety (Cathay Pacific, 2015). This work will be conducted in collaboration with Dr. 
Petzold. 

In addition, depending on the skill set of the applicant, the student may also contribute to new laboratory 
experiments designed to improve the calibration and performance of the IAGOS cloud instruments to 
maintain data quality control of an ever growing fleet of instruments. This will involve working with Dr. 
Crosier who has designed a novel ice particle calibration facility. 

The multi-faceted nature of the project will provide the student with a wide range of expertise and 
networking skills to enhance their employability experience from WRF Modelling to liaison with European 
research institutes as well as experts in the aviation industry (e.g. Airbus). 
 

Image 1- IAGOS commercial aircraft are fitted with instrumentation to continuously transmit scientific 
data. 

 

 

Image 2 Caption – IAGOS instrumented passenger aircraft operate globally delivering continuous climate 
data.  
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