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Overview 
 

Lakes (and reservoirs) are now recognised to play an 

important role in regional and global carbon cycling 

through the production and consumption of carbon 

gases and the transport, transformation and storage of 

organic carbon (Tranvik et al., 2009). The uptake, 

conversion and respiration of carbon by phytoplankton 

during photosynthesis is the main pathway for CO2 

transfer across the air-water interface in lakes and a 

process that contributes significantly to ecosystem 

biogeochemistry and metabolism, trophic energy flows 

and the maintenance of biodiversity. It is currently 

estimated that global primary production in lakes 

consumes some 0.65 Pg C yr-1 (Tranvik et al., 2009). 

However, measurements of primary production in 

lakes are very sparse in space and time and, as such, 

global estimates of carbon uptake currently necessitate 

crude assumptions and extrapolations that inevitably 

lead to unacceptably large uncertainties.   

Additionally, as phytoplankton primary production is 

influenced by a number of factors, including the 

availability of light and nutrients, water temperature 

and vertical mixing, it is tightly coupled to climate. 

There is an increasing body of research ascribing 

changes in primary production in lakes and reservoirs 

to climate variability. However, the precise nature of 

the response to climate change has been observed to 

vary considerably depending on factors such as the size, 

depth, latitude and type of lake.  For instance, there is 

evidence of increased productivity in shallow 

polymictic lakes (Wilhelm and Adrian, 2008) but 

decreased productivity in large stratified lakes (Coats 

et al., 2006) in response to warming. However, our 

wider understanding of how primary production in 

lakes is responding to climate change at regional and 

global scales is very limited because of the scarcity of 

empirical data to support such studies.   

 

Fig.1. Examples of the satellite data products used to estimate 

primary production in Lake Balaton, Hungary. Top-left to bottom-

right: surface chlorophyll-a; lake surface water temperature; 

euphotic depth; daily surface PAR.   

There are some recent advancements that now make 

the challenge of obtaining reliable estimates of primary 

production in lakes at local, regional and global scales 

more feasible. Firstly, the launch of new Earth 

observation (EO) satellites, such as the European Space 

Agency’s Sentinels, now provide a means of obtaining 

data on key parameters (such as the phytoplankton 

chlorophyll concentrations, light availability and 

temperature as shown in Fig. 1) required to model 

primary production in lakes and upscale these in space 

and time (Fig. 2).  
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Fig.2. Example of satellite-derived primary production for Lake 

Balaton on 22 Aug 2010. 

Secondly, in parallel, new approaches have been 

developed based on fast repetition rate fluorometry 

(FRRF) and high-frequency dissolved oxygen time 

series data which enable in situ measurements of 

primary production to be obtained more readily 

without the need for laborious, expensive and 

potentially-hazardous 14C-based assays. However, 

while satellite data have been used successfully to 

derive estimates of primary production in the oceans, 

shelf seas and coastal waters (Tilstone et al., 2017), 

there have been relatively few attempts to extend 

these models to lakes. Moreover, the use of FRRF- and 

oxygen-based measurements for the calibration and 

validation of satellite algorithms is not well established. 

The overarching aim of this PhD project is to develop 

the science needed to improve current estimates of 

carbon fixation in lakes and reservoirs and to advance 

our understanding of how lake primary production is 

being influenced by climate and other drivers of 

environmental change. To this end, the student will 

develop improved algorithms for the estimation of 

phytoplankton primary production in lakes from 

satellite data. The models will be calibrated and 

validated using in situ measurements of primary 

production obtained from FRRF- and/or O2-based 

sensors with verification using more conventional 14C 

photosynthesis-irradiance (PE) curves. The derived 

algorithm(s) will then be used to produce time series 

of primary production data for a global population of 

sentinel lakes to enable the effect of climate and other 

pressures on lake production to be assessed.   

 
Methodology 

The project will build advantageously on world-leading 

research and unique datasets developed by the 

supervisory team and collaborators (Dr Gavin Tilstone, 

Dr Stefan Simis) at the Plymouth Marine Laboratory 

(PML) as well as work being undertaken in parallel 

through a number of related Horizon 2020 projects 

(https://eomores-h2020.eu; https://coastobs.eu). 

1) Field sampling and laboratory work 

The student will make regular measurements of 

primary production concurrent to Sentinel-2 and -3 

satellite overpasses at a number of lakes in UK using a 

combination of field- and laboratory-based FRRF 

systems (FastOcean, and Act-2, Chelsea Technologies) 

alongside other biogeochemical and optical 

measurements to provide data for the calibration and 

validation of satellite algorithms. This will be 

supplemented by further data on primary production 

obtained from measurements of O2-evolution from 

sensors buoy-mounted operated by CEH. The FRRF- 

and O2-based measurements will be compared and 

verified through comparisons to primary production 

measurements from 14C PE curves undertaken in a 

custom-built photosynthetron (Fig. 3). The fieldwork 

will be largely based at Loch Leven and Loch Lomond 

in Scotland, but the student will have additional 

opportunities to undertake measurements at other UK 

and European lakes through parallel projects.  

 

Fig. 3. The measurement of primary production in a custom-built 

6 x15 chamber temperature-controlled photosynthetron.  

2) Model development 

The student will develop improved models for the 

estimation of primary production in lakes by adapting 

and re-parameterising models developed for marine 

waters. This will include simple empirical approaches 

that model primary production solely as a function of 

the near-surface chlorophyll-a concentration, depth-

integrated models (e.g., Vertically Generalized 

Production Model (VGPM)) that account for variability 

in the chlorophyll-specific assimilation efficiency for 

carbon fixation and its dependency on temperature 

(e.g., Eppley-VGPM), and more complex models that 

compute estimates of primary production as a function 

of wavelength. The models will be evaluated through 

statistical comparisons to the in situ data collected 

during sampling campaigns and existing data obtained in 

previous research projects.  

3) Satellite time series analysis 

The student will assess how primary production in 

lakes is changing in response to climate and other 

drivers of environmental change by applying the best-

performing primary production model to time-series 

satellite data (Envisat MERIS, Sentinel-3 OLCI) for a 

globally representative population of sentinel lakes 

spanning different climate zones. This will be achieved 

by operationalising the model(s) within the Calimnos 

processing chain through collaboration with colleagues 

at PML. Ultimately, this will enable seasonal and inter-
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annual changes in primary production to be assessed 

statistically in relation to existing datasets on climate 

and catchment drivers. 

 
Timeline 

The PhD student will be based at the University of 

Stirling but with time spent at the Centre for Ecology 

& Hydrology (Lancaster) and the Plymouth Marine 

Laboratory for specific tasks. 

Months 1-6: The student will develop their research 

proposal and plan in conjunction with the supervisory 

team. In addition, training in research design, field and 

laboratory methods (including 14C PE incubations 

and FRRF measurements) and satellite data 

processing and analysis will be undertaken at Stirling.  

Months 7-9: The student will begin collecting data for 

model development and validation through regular 

sampling campaigns at Loch Leven and Loch Lomond 

including 14C- and FRRF-based production 

measurements. 

Month 9 progress review. 

Months 10-12: The student will continue collecting data 

for model development and validation through 

sampling campaigns at Loch Leven and Loch Lomond. 

The student will also spend two weeks at CEH 

Lancaster working on primary production estimates 

from O2 sensor data.   

Months 13-18: The student will work on the 

development, validation and inter-comparison of 

models for the estimation of primary production and 

draft a manuscript on the comparison of in situ methods 

for the measurement of production in lakes. 

Months 19-24: The student will resume in situ sampling 

campaigns at Loch Leven and Loch Lomond to 

provide further data in support of model 

development and validation. Drafting of manuscript 

on validation of satellite primary production 

algorithms for lakes using FRRF measurements. 

Month 24 progress review.   

Months 25-30: months: The student will apply the 

developed model(s) to satellite time series data for a 

global population of lakes and examine spatial and 

temporal trends in primary production in relation to 

climate and catchment variables. This will include a 2-

4 week visit to PML.  

Months 31-36: months. Completion of data analysis. 

Drafting of manuscript on intercomparison of primary 

production algorithms in different lake types. 

Months 37-42: Drafting of manuscript on primary 

production in global lakes. Finalise thesis write up and 

submission.  

 
Training & Skills 

The candidate will receive comprehensive, state-of-

the-art training in the following analytical techniques: 

(1) lake sampling and the measurement of basic 

limnological parameters (e.g. temperature, light 

attenuation, chlorophyll, coloured dissolved organic 

matter, suspended particulate matter); (2) field and 

laboratory measurements of primary production using 

state-of-the-art 14C-, FRRF- and O2-based methods; 

(3) optical (Wetlabs AC-S; Wetlabs BB9; TriOS 

OSCAR) and radiometric (Satlantic HyperOCRs; 

TriOS Ramses) measurements for the characterisation 

of above and underwater light fields and Hydrolight 

radiative transfer simulations; (4) satellite data 

processing including atmospheric correction and 

algorithm development and validation; (5) statistical 

techniques for the validation  of satellite data, 

uncertainty estimation and time series analysis. The 

student will also receive training in computer 

programming in Python and R, radiological protection 

and powerboat handling.  
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Further Information 
Enquiries should be directed towards Dr Peter Hunter 

(p.d.hunter@stir.ac.uk; +44 1786 466538) 
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