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Introduction  
Forest is an important ecosystem responsible for 

the supply of many ecosystem services, including 

timber production, carbon storage, watershed 

protection and biodiversity conservation. Entering 

the Anthropocene, the increasing emission of 

greenhouse gases has altered the global climate, 

and the associated drought and heat stress is 

affecting the composition, structure and 

biogeography of forests in many regions of the 

world (Allen, et al, 2010). In the UK, the 1976 drought 

in southern Britain had remarkable impacts on 

beech decline and at one site the effects were felt 

for 16 years (Peterken and Mountford, 1996). 

Climate-induced tree mortality is potentially 

increasing, but observations of the climate-induced 

physiological stress are limited and the functional 

mortality mechanisms are not well understood.  

 

This preliminary study (i) employs a tree species-

based vegetation dynamic model (LPJ-GUESS) to 

simulate historic tree mortality in the Thames Basin, 

UK; (ii) explores the temporal and spatial patterns of 

the simulated tree mortality; and (iii) produces 

vulnerability maps to inform decision making.     
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Study Area 
The Thames Basin covers just over 16,000 km2. It is 

drained by the River Thames, which flows from the 

Cotswolds approximately 235 km to its tidal limit at 

London. The climate is characterized as temperate 

with an oceanic influence, with an average rainfall of 

690 mm and mean temperature varying from 4.6 ºC 

in winter to 16.4 ºC in summer. Historically, the 

1975/76 drought was considered to be the most 

severe drought across the UK. Other drought events 

were also reported in 1984, 1989/90, 1991/92, 1995-

97, 2003 and 2004-06. 

 

The dominant tree species in the Thames Basin are 

beech (Fagus sylvatica) and oak (Quercus robur). 

Minor species include ash (Fraxinus excelsior), 

silver birch (Betula pendula), downy birch (Betula 

pubescens), sycamore (Acer pseudoplatanus), elm 

(Ulmus glabra) and yew (Taxus baccata). 

The 2D density maps of the hotspots indicate the 

spatial pattern of the potential drought-induced tree 

vulnerability (Fig. 3). Generally, the southwest 

Thames Basin is relatively more vulnerable. This is 

consistent with the spatial pattern of simulated 

mortality in individual years (Fig. 4), which show 

that the intensive droughts could also affect the 

northeast and northeast. The dominant species 

(oak and beech), donôt show an obvious spatial 

pattern of vulnerability, nor do hornbeam or hazel, 

but birch, ash and elm are more vulnerable in the 

southwest. 

Future Work 
ÅTo simulate the historic drought-induced tree 

mortality using the MaRIUS 20th century re-

analysis of climate and to project it for the 2030s 

and 2050s across Great Britain. 

ÅTo determine a more rational mortality threshold 

through incorporating observations from 

literature and open source datasets and produce 

risk maps. References 
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Results Analysis 
The simulated drought-induced tree mortality 

across Thames Basin for 1961-2006 ranges from 

0.7% to 3.7% (Fig. 1). The mean value is 1.6% (blue 

dash line) and the standard deviation (sd) is 0.34%. 

Those samples (at a certain year and grid) with a 

simulated mortality greater than 2.6% (a threshold 

set as mean + 3 * sd) are considered to be the high-

impact events (or hotspots) for further analysis.   

Figure 1. Fitted distribution of the simulated tree mortality 

across Thames Basin for 1960-2006 

There are a total of 280 hotspots distributed across 

the 46 years (Fig. 2). The peak tree mortality occurs 

in two periods: 1981 to 1987 and 1995 to 2001. The 

tree mortality does not occur immediately the 

drought developed. It increases gradually to a peak 

a couple of years later. The wet spell between the 

droughts mitigates the tree mortality, whereas 

successive drought events will add to the severity 

causing longer effects. 

Managing the Risks, Impacts and 

Uncertainties of Droughts and Water Scarcity 
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Å18 tree species (PFT) are parameterized 

ÅThe resolution of the modelling grid is 5 km; 

each grid has 30 replicate patches 

ÅThe UKCP09 gridded observation data sets 

(1961-2006) are used to drive the ecosystem 

model 

ÅThe simulated results reproduce potential tree 

composition in  the Thames Basin 
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Figure 2. Number of hotspots in different calendar years 

Methods and Materials 

LPJ-GUESS (Smith et al. 2001) is a dynamic 

vegetation model widely applied regionally and 

globally to evaluate forest stand structure, tree 

species distribution, carbon cycling, productivity 

and leaf area index. In this study, it is used to 

simulate the woody plant dynamics as the 

emergent outcome of growth and competition for 

light, space and soil resources. Tree mortality due 

to the growth efficiency and increasing age is 

used to indicate the impact of climate-induced 

water stress (Steinkamp and Hickler, 2015): 

Figure 3. 2D density maps of tree mortality hotspots for 

different species and average across all species   

Figure 4. Spatial pattern of the mortality of selected years   

Fig.5 show the time series of tree mortality at two 

typical sites in the Thames basin, classified as oak 

and beech-oak mixed forests. Although they have a 

similar Standardized Precipitation Index pattern, 

Site 1 doesnôt suffer from higher tree mortality 

immediately after the 1976 drought, although the 

mortality remains high until 1980. The drought 

impact on beech is limited, although the mortality 

trend is increasing slightly. The oak is more 

vulnerable with a mortality rate above average.  

There is no long term trend of drought-induced 

mortality at Site 1, but it is prominent at Site 2. 

Figure 5. Tree mortality time series at selected sites 


