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What is JULES? 
The land surface component of the Quest Earth System Model (QESM) will be based on the Joint 
UK Land Environment Simulator (JULES).  JULES has been developed from a joint initiative 
from CEH and the UK Met Office with the aim of producing a community land surface model 
which will be a tool for research into ecosystems, land/atmosphere interactions and climate 
change.   
 
The model is based on the MOSES land surface model, which was written to provide the land 
surface description within the Hadley Centre climate model.  It contains parameterizations of the 
hourly fluxes of energy, water and CO2 from the land surface to the atmosphere, the development 
of the seasonal stores of energy, water and carbon and, through the dynamic vegetation model, a 
simulation of changes of vegetation and stores on decadal to century time scales.  Currently 
JULES differs from MOSES in that it has been removed from direct coupling with the HadGEM-
AO, so it can be driven in a standalone mode using measured meteorology or outputs from a 
variety of models.  Version 1 was released in June 2005 to the broader UK academic community.   

Future JULES activities 
Over the next four years the model structure and the underlying science of JULES will be 
advanced much further.  The science will be carried out under a number of existing funded 
programmes, including CLASSIC, QUEST (QUERRC project), and the proposed CEH Theme 
CC03: ‘Land-surface feedbacks in the climate system’.  These developments will include 
improved descriptions of canopy/radiation interactions and photosynthesis, sub-gridscale 
variability, soil parameters, stress functions, soil hydrology, snow, wetland hydrology and fire.  
Increased numbers of tiles will facilitate more flexible plant functional types and explicit sub-
gridscale dynamics, with improved phenology.  The nitrogen cycle will be incorporated, soil 
carbon/chemistry will be improved by including phosphorus response functions and improved 
soil respiration, and ozone interactions will be introduced.  Isotopic tracers along with an 
improved description of groundwater will be incorporated. 
 
The next off-line version of JULES will be frozen in Dec 2007, and coupled into the QESM by 
March 2008 (http://www.quest-esm.ac.uk/).  In early 2008, it will also be coupled into the Met 
Office’s HadGEM2/3 Earth System Models.  This work does not preclude the incorporation of 
updated versions of JULES into these earth system models, including a new version containing a 
fire module.  The imminent establishment of a dedicated JULES office under the direction of the 
JULES science management committee with input from JULES theme leaders, will ensure that 
the various model development activities are co-coordinated and that standard version control 
and model repository practices as practiced by the Met Office, are followed. 
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Vegetation Dynamics 
The next version of JULES will comprise a new vegetation simulation model based on the ED 
(Ecosystem Dynamics) model of Morecroft et al. (2001).  TRIFFID (part of MOSES-2 land 
surface scheme) will be mothballed.  The ED-JULES work is scheduled to be completed by 
autumn 2007.  ED-JULES is being developed by Fisher (Sheffield Unversity) and Huntingford 
(Centre for Hydrology & Ecology) as part of the QUERCC project (PI: Woodward, Sheffield 
University).  The work draws upon elements from other dynamic vegetation models such as the 
LPJ DGVM (Sitch et al 2003; Gerten et al 2004), and the Sheffield DGVM (Woodward et al  
1995, 2001).  ED-JULES will comprise a comprehensive set of PFTs (Plant Functional Types) 
that reflect both bio-climatic constraints and disturbance, including fire.  On-going PFT work is 
funded by QUEST as part of QUERCC, and this work is linked to ARC-NZ Network for 
Vegetation Function Working Group on Fire, Vegetation and Climate Change in Australia 
(QUAVIDA) which includes UBRIS (PI. Sandy Harrison). 
 
As described by Fisher (pers. comm.), ED is a ‘size and age structured’ approximation of an 
individual based gap model.  The major innovation of the ED-JULES model is the classification 
of climatic gridcells into non-spatially contiguous patches which are defined by a common ‘age 
since last disturbance’.  The patches can be though of as analogous to different stages of the 
successional process.  Young patches have been recently disturbed, old patches have escaped 
disturbance for a long time.  New patches are generated by two disturbance processes, fire and 
mortality, hence the fire module is a critical process in the ED framework.  The age-class 
structure allows ecologically realistic processes of succession and re-growth to be represented.  
Vertical competition for light between cohorts, which are defined as groups of individuals of 
similar size and plant functional type, is explicitly simulated within each patch.  
 
Plant functional types within the ED model are characterised by biome type and successional 
position. Currently, parameterisations exist for broadleaf trees which are early, mid and late 
successional, plus C3 and C4 grass types.  Early successional trees are defined by low wood 
density, low leaf mass per area and high mortality rates.  Late successional trees are the opposite, 
creating a replacement through successional time. Within the QUERCC-QUEST project, 
parameterisations for needle leaf and shrub vegetation are currently being developed, alongside 
modifications of the existing PFTs.   The ED-JULES model is a hybrid of ED and JULES. The 
JULES model provides half hourly carbon and water fluxes to the ED model, which in turn 
calculates vegetation dynamics and patch structure. ED-JULES has recently been developed, and 
is also linked to the IMOGEN analogue climate model framework.  
 
ED-JULES is well-advanced with a model prototype already having been applied and validated 
in a tropical ecosystem (Fisher and Huntingford 2007 Modelling Amazonian vegetation dynamics 
in response to climate change. QUEST Open Science Meeting Oxford March 2007). 
 
Soil Moisture and Peatlands 
According to Doug Clark (CEH, pers. comm.), JULES simulates the moisture content and 
temperature in a number of soil layers (typically 4 with a total depth of 3m), accounting for 
vertical fluxes between layers and extraction of water by plant roots. Soil characteristics are 
specified for each gridpoint and these can vary with depth. The effects of topography on 
horizontal fluxes of water and the depth to the water table are modelled using a TOPMODEL-
type approach (Gedney and Cox 2003).  
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The soil moisture and temperature are modelled in each of the soil layers, with fluxes of 
moisture/heat modelled between each layer. There is a single soil column per gridbox, shared 
between all PFTs in that gridbox. This is possibly better at high resolution, but perhaps not so 
good at lower resolution when one might have wetland only over part of the gridbox. One cannot 
run the soil model alone (i.e. without the rest of JULES); not least because the surface energy 
balance components are needed to calculate transpiration requirements. 
 
The JULES community currently lacks any experience with modelling the hydrology of tropical 
or boreal peatlands.  JULES uses the same approach for all soils at present. Parameter values can 
be given for each soil layer.  These describe the hydraulic characteristics of the soil (via Clapp 
and Hornberger, or van Genuchten models) in terms of the saturated conductivity, moisture 
content at saturation etc.  In principle one could describe a peat in this way and it would no doubt 
work to some extent as an interim solution until a more dedicated peatlands hydrology model is 
developed. 

Why implement fire into JULES? 
Fire is an important Earth System process and it is currently not simulated in JULES.  The 
QUEST Earth System Model aims to be at the frontier of modelling biogeochemical feedbacks, 
but will not achieve this without a detailed consideration of fire.  Fire is listed for inclusion 
JULES, however, it has not been previously budgeted for (JULES Launch Workshop, October 
2006).  QUEST have recommended to NERC that it should fund the implementation and 
evaluation of a fire simulation model in JULES, and that the work should commence no later 
than October 2007 (agreed at QUEST Integration Meeting Dec 2006).   
 
No detailed plans exist on how fire will be implemented into JULES, and how relevant UK and 
international research could be coordinated and harnessed to develop a fire model commensurate 
with the key role fire plays in the Earth System.  Given the restricted time available, what 
existing models/ approaches may we use as the basis for this work? 
 
Existing Models of Fire-Vegetation Interactions 
There have been a number of previous, successful attempts to simulate fire within dynamic global 
vegetation models (DGVMs) in order to simulate and study climate-fire-vegetation interactions 
(Lenihan and Neilson, 1998, Thonicke et al. 2001, Venevsky et al., 2002, Arora and Boer 2006). 
Such models are designed primarily to incorporate the role of fire as a disturbance factor for 
vegetation dynamics, and to account for corresponding fluxes in the global C cycle (e.g. Last 
Glacial Maximum, Thonicke et al. 2005).  Trace gas and aerosol emissions can also be derived 
within these models via the aforementioned emissions factors. However, existing fire models do 
have limitations. While the Glob-FIRM model in the LPJ DGVM derives the fractional area 
burnt within a gridcell from the simulated length of fire season and minimal fuel load, it does not 
specify ignition sources explicitly and assumes a constant relationship between fire intensity and 
fire severity to describe fire effects. Fire resistance, a composite parameter to describe average 
fire intensity and fire severity, is defined as a parameter for each plant functional type (PFT). 
Reg-FIRM (Venevsky et al. 2002), an alternative fire model in LPJ, treats climatic fire danger, 
wildfire ignitions and fire spread as distinct processes, but fire effects on vegetation mortality are 
prescribed parameters as in Glob-FIRM, and trace gas and aerosol emissions are not quantified. 
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MC-FIRE, embedded in the MC1 DGVM, explicitly simulates fire spread (following Cohen and 
Deeming, 1985) and fire effects including post-fire mortality (following Peterson and Ryan, 
1986), but allows only one ignition per year per gridcell, and requires a drought index and 
information on time since last fire to estimate the fraction of the gridcell burnt (Lenihan and 
Neilson, 1998).  Arora and Boer (2006) recently present a simulation of fire activity and 
emissions from biomass burning within the Canadian Terrestrial Ecosystem Model (CTEM) 
(Verseghy et al 1993).  CTEM-fire simulates the feedback between vegetation and fires, but 
adopts a simplified parameterised approach.  Notably, it models fire rate of spread as a function 
of wind speed and soil moisture only, which ignores the influence of litter load and litter 
moisture.  Also, fire-induced consumption of biomass and plant mortality are prescribed, and do 
not vary with changes in fire intensity.  
 
A new global fire model SPITFIRE (SPread and InTensity of FIRE) has been designed to 
overcome many of the limitations in existing fire models set within DGVM frameworks 
(Thonicke et al. submitted Global Change Biology; Spessa et al in prep). SPITFIRE is embedded 
in the LPJ DGVM framework and is a successor to the Reg-FIRM fire model (Venevsky et al, 
2002). RegFIRM explicitly simulates processes of climatic fire danger and wildfire lightning- 
and human-caused ignitions, and SPITFIRE builds on this treatment with a more complete 
representation of fire spread (if conditions are sufficiently dry), via consideration of fire intensity 
and the risk of fire-damaged trees dying from either crown scorch or cambial death (the two most 
important causes of post-fire mortality; reference), and with estimation of trace gas and aerosol 
emissions.   
 
LPJ-SPITFIRE simulates the number of fires, area burnt, fire intensity, crown fires, fire-induced 
plant mortality, and emissions of Carbon, CO2, CO, CH4, VOC, NOx & TPM at a daily, 0.5 
degree resolution (Thonicke et al Global Change Biology; Spessa et al in prep)  In the model, the 
number of human-caused fires is modelled as a log-normal shaped function of population density 
and the height of the curve is dependent on the number of fires per capita per fire-season day.  
This parameter is empirically-derived from observed data on fires, the population density and the 
average fire danger conditions within a gridbox. The number of lightning-caused fires is currently 
prescribed in the model and is sourced from flash rate data on board the OTD (Christian et al 
2003).  Rate of spread (ROS) in the model is based on the USDA operational fire prediction 
models of rate of spread (Rothermel 1972, Wilson 1982, Pyne et al 1996), and is directly 
proportional to energy produced by ignited fuel, and also wind speed.  ROS is inversely 
proportional to the amount of energy required to ignite fuels (fuel moisture and fuel bulk density, 
derived from the LPJ).  Area burnt is a function of ROS, and fire duration, assuming an elliptical 
shaped fire and the Canadian method for scaling the wind-directed long axis of a burn ellipse to 
the short axis (van Wagner and Picket 1985).  Litter moisture is simulated as a function of the fire 
danger index, which in its current form is the Nestorov Index.  Grass phenology (green-up and 
curing phases of annual grasses) is modelled as function of the upper soil moisture.  Fuel 
combustion (by fine and coarse fuel classes) is simulated as a function of fuel moisture), while 
Fire intensity is a function of the calorific content of the fuels, the amount of fuel consumed and 
the ROS of the fire (after Byram 1959).  Tree mortality and crown fires are modelled as a 
function of fire intensity, degree of cambial kill (which depends on fire residence time), and 
vegetation-specific attributes) (after Petersen & Ryan 1986).  Emissions are calculated using the 
Seiler & Crutzen equation, viz the product of area burnt, amount of biomass combusted, and the 
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emission factor for the trace gas under consideration.  Emission factors originate from Andreae 
and Merlot (2001, and their regularly updated emissions database at MPI-Chemistry, Mainz).  

Proposed work 
A meeting was held on 10 May 2007 at the Dept Earth Sciences, Bristol University involving 
scientists from across the UK working on modelling fire and related processes (modelling 
vegetation dynamics, soil moisture and atmospheric chemistry and aerosols).   
 
It was agreed at the meeting that: 
 

1. the simulation of fire in JULES will account for the latest advancements in the modelling 
of above-ground fire-vegetation interactions using SPITFIRE (Thonicke et al. Global 
Change Biology; Spessa et al in prep), and other approaches such as MC-FIRE (Lenihan 
et al. 1998), CTEM-Fire (Arora and Boer 2006) and SEVER-Fire (Venevsky et al in 
prep), all four of which share a common ancestry with the USDA-family of fire spread 
models (Rothermel 1972; Wilson 1982; Pyne et al 1996);  

2. the design of the coupling between fire and vegetation in JULES will utilise the ED-
JULES model (Fisher et al in prep.) to provide vegetation dynamics, litter dynamics and 
the moisture content of litter; and  

3. the existing method for simulating soil hydrology in JULES (Gedney and Cox 2003; 
Clark and Gedney submitted) will provide the basis for accounting for changes in the 
moisture content of peatlands under changing climate and weather conditions.   
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Cost and deliverables 
The project will run for 6 months starting 1 October 2007, and will employ a PDRA based at 
Reading University, which is within short travel distance to the Centre for Ecology & Hydrology 
(CEH) and the Met Office in Wallingford, where JULES Version 2 is being maintained, 
documented, evaluated and linked to the QESM.  It is anticipated that Allan Spessa (Reading 
University) will allocate 20% of his time to the project because he will closely supervise the 
implementation and modification of existing fire model code into JULES, provide expert advice 
on fire modelling, and will ensure the modelling fits in with QESM scientific objectives.  Since 
Allan Spessa is untenured, then a time allocation of 1% will be required from his Head of 
Department, Prof. Julia Slingo.  Furthermore, Eleanor Blyth (CEH) will allocate 10% of her time 
as an advisor on JULES code and to ensure that this project links with other projects seeking to 
further develop JULES.  There will also be some additional resources in terms of travel and 
subsistence (covering Reading-Wallingford trips, and Reading-Sheffield trips), and consumables 
(mainly a computer for the PDRA).  The total cost of the project (including Directly Incurred 
Costs, Directly Allocated Costs, and Indirect Costs) will be £69,701.  This funding will be 
administered as an extension to the QESM contract, which is managed by NCAS-Climate, 
Reading University. 
 
Task Start date End date Deliverable Total 
1 1 Oct 2007 31 Oct 2007 Review existing approaches to modelling above-

ground fire-vegetation interactions (SPITFIRE, 
MCFIRE, CTEM-Fire, SEVER-FIRE).  Acquire 
the Fortran code for at least one of these models.  
The SPITFIRE code is available via Kirsten 
Thonicke (Bristol University) or Allan Spessa 
(Reading University).  The latest ED-JULES 
code will be available via Eleanor Blyth. 

£11,617 

2 1 Nov 
2007 

31 Jan 2008 Implement the fire model code into ED-JULES, 
taking into account the similarities and 
differences between the source vegetation model 
and that of ED-JULES.   

£34,851 

3 1 Feb 2008 31 Mar 2008 Using pre-existing equations of Frandsen 
(1987), simulate biomass combustion by peat 
fires as a function of the incidence of a surface 
fire and the soil moisture profile through the soil 
profile.  Simulate crown fires using the 
published equations of Scott & Reinhardt 
(2001).  Run model a few times under the 
direction of Allan Spessa to ensure it yields 
reasonable results.  There will be insufficient 
time for detailed EO-model intercomparisons. 

£23,233 

Total    £69,701 
 
Associated File: Fire_into_JULES_FEC_costing_CJ_010607.pdf 
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