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Overview 
 

Time-sensitive biological interactions such as, pollination 

or predation become mismatched as global warming 

advances or delays the timing of life cycle events (i.e. 

phenology) differently across species. At the same time 

the magnitude and timing of extreme weather events 

and associated Earth surface processes such as flooding 

and sediment erosion are changing. Plant communities at 

the land-water interface such as riparian forests, tidal 

marshes and coastal dunes (see photos) are shaped by 

physical disturbance but are also able to influence the 

landscape formation by trapping and diverting sediments. 

Landscape formation in biogeomorhpic systems is 

therefore determined by reciprocal feedbacks between 

biotic and abiotic processes which can drive the future 

state of a system (Balke et al., 2014, Turnbull et al., 

2008). Biogeomorphic ecosystems at land-water 

interfaces are currently praised for their regulating 

ecosystem services such as flood and erosion protection 

but are also a hotspot for invasive species. 

Understanding how ecological functioning of 

biogeomorphic ecosystems will be affected by changes in 

climatic extremes is thus timely and necessary. 

Surprisingly, we currently do not know whether 

changing timing of plant phenological events and changing 

temporal regimes of Earth surface processes will create 

a potential bio-physical mismatch affecting local 

biodiversity and landscape formation. This mismatch 

could for example occur where timing of seedling 

emergence shifts towards periods of high physical 

disturbance or vice versa. This IAPETUS PhD 

studentship will investigate temporal mismatch between 

phenology and Earth surface processes at a seasonal 

scale. The Window of Opportunity (WoO) concept, 

developed by Balke in 2014, is a valuable new tool to 

identify and predict tipping points in biogeomorphic 

ecosystems. This widely applicable concept is the central 
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framework for this studentship and will help to quantify 

and predict any biophysical mismatch effects using 

readily available long term monitoring data. The 

candidate will survey the seasonal phenology and 

geomorphological activity pattern across ecosystems 

(dunes, salt marshes, floodplains) in Britain. Additional 

warming experiments will be used to parameterize a 

model to predict biophysical match/mismatch in a 

changing climate. 

 

 
Methodology 
 

Field monitoring: 

A 3-year bio-physical monitoring will be set up using 

self-contained data loggers to measure micro-climate 

(e.g. soil temperature, light), geomorphological 

activity/disturbance (flooding and sediment 

erosion/deposition) in combination with small-scale 

plant phenological surveys. The regional focus will be 

on Scotland and North England. 

In-situ and ex-situ passive warming experiments will 

be carried out to study seedling emergence timing in 

warming climate. Additional growth experiments will 

be carried out in a greenhouse for model 

parameterization.  

Analysis of meteorological and hydrological data in 

combination with available phenological and 

climatological records will complement the field 

measurements and inform a numerical model based 

on the Window of Opportunity concept to identify 

and predict potential bio-physical match/mismatch 

situations in biogeomorphic ecosystems.  

 

 
Timeline 
 

Year 1: Develop an understanding of underlying 

theory. Training in appropriate field and laboratory 

techniques. Set-up monitoring sites and establish data 

collection. Training in statistical methods and 

programming (R or Matlab).  

Year 2: Continued data collection set up warming 

experiments. Commence data analysis of available 

long-term monitoring data.  

Years 3 – 4 (six months only): Analyse field data, 

undertake modelling-based analysis and write up 

thesis. Prepare manuscripts for publication and 

present outcomes to IAPETUS and at an international 

conference.  

 
Training & Skills 
 

Project support: The facilities and instrumentation 

available within the affiliated institutions will provide 

the student all the necessary resources required to 

carry out this project. Required training will also be 

provided by the affiliated institutions and their 

graduate schools.   

Scholar support: The student will benefit from joining 

the Quantitative Geomorphology research group at 

the University of Glasgow and the Catchment and 

Rivers and the Hazards and Surface Change research 

groups at Durham University. The student will join 

two large, active research communities that will 

provide peer-support throughout the Ph.D. 

Skills developed: The student will receive instruction 

in data collection, scientific methods, contextualizing 

and problematizing research in ecology and physical 

geography, planning for laboratory work and group 

work in physical geography through the taught 

module ‘Implementing Research Design’. The student 

will receive training in hydrological and geomorphic 

monitoring techniques at Durham and Glasgow, 

including laser scanning and aerial surveys, and 

sedimentological lab-based analysis during their first 

year.  

In addition the student will benefit from enhanced 

employability through research and transferable skill 

training offered by IAPETUS and by the University of 

Glasgow and Durham University. 

The aim of the study is to generate fundamental 

knowledge that is also useful to flood management 

and biodiversity conservation in coastal and river 

systems in times of climate change. Hence the student 

will potentially generate impact outside of academia 

increasing future employability of the candidate. 
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