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Motivation: Why nutrients matter

• Mature temperate forests = 

critical carbon sinks

• Nutrient availability (N & P) 

regulates carbon uptake

• Uncertainty in nutrient limitation 

→ uncertainty in climate 

projections & policy decisions
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Source: Cambron et al., 2025, Nature Climate Change



QUINTUS* Project

• Aim: reduce uncertainty in 
carbon–climate feedbacks

• Approach: combine Free-Air CO2

Enrichment (FACE) experiment at 
BIFoR (Birmingham Institute of 
Forest Research, UK) with model 
development

• JULES as the central modelling 
tool
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*Quinquennial Carbon and Nutrient Dynamics in Temperate Forests



JULES and nutrient 
limitation

• JULES: UK land surface model 

(Clark et al., 2011)

• Previous developments:

• CN scheme (Wiltshire et al., 2021)

• CNP scheme (Nakhavali et al., 

2022)

• Our work: porting CNP to JULES 

v7.8 → aligned with current 

developments
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Study site: BIFoR FACE 
(Mill Haft, Staffordshire, UK)
• First whole-ecosystem FACE experiment in a 

mature temperate forest (since 2017).

• 20 ha deciduous woodland, dominated by 160-

year-old oak with mixed understory.

• Six experimental arrays: three ambient (aCO2, 

Array 2, 3, 5) and three fumigated with +150 ppm 

CO2 (eCO2, Array 1, 4, 6).

• eCO2 delivered continuously into 25 m diameter 

plots; monitored with dense sensor network.

• Unique long-term experiment (planned 2017–

2026) testing CO2 impacts on an unmanaged, 

mature forest.

• Provides both ambient and elevated CO2 time series 

and ecosystem response data to benchmark 

JULES.
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JULES: Model setup & experiments

• Single-point JULES runs for the BIFoR FACE site

• Period: 2002–2019

• Forcing: Hourly meteo obs Shawbury, Shropshire (~6 km from BIFoR)

• CO₂ treatments:

• Fixed ambient: ~403 ppm

• Fixed elevated: 553 ppm (+150 ppm above ambient)

• Time-dependent CO₂: CAMS-EGG4 3-hourly series, with +150 ppm for eCO2

• Experiments:

• Ported JULES-CNP scheme to v7.8 and compared with v5.5(6) 

• CN, and CNP configurations to quantify nutrient limitations

• Assessed model response to ambient vs elevated CO₂ (fixed and CAMS-EGG4 time-dependent)
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Results: JULES version sensitivity vn5.5(6) vs. vn7.8

<- NPP

<- Soil Carbon

Plant respiration ->

Exudates ->



Understanding version differences
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N growth, JULES-CNP

N growth, JULES-CN

Update to how soil carbon turnover and nitrogen 

availability are represented.

Less immobilisation → more N available for growth?

CN update v6.3 - possible cause of higher N



Nutrient limitation in JULES: v5.5(6) vs 7.8
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JULES-CN JULES-CNP



JULES model response to elevated CO2
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Fixed CO2 levels CAMS-EGG4 CO2

Observed NPP response at BIFoR: 

10% for 31% enrichment (21.8% for 41% enrichment at all FACE sites)

Norby 2025.



Summary & next steps
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• JULES-CNP successfully ported to v7.8 and compared with v5.5(6)

• N and P limitation: 

• ~10% lower in v7.8; adding P decreases limitation by ~1% in both versions

• Model response to elevated CO2: 

• v5.5(6) → 18.8%, v7.8 → 20.3% 

• using CAMS-EGG4 time series instead of fixed CO2 increases response by ~0.5%

Next Steps:

• Code revision/improvements: (p_switch, co-limitation, exudates interactions)

• Use more BIFoR observations to quantify stocks and fluxes, and assess whether CNP processes 

reproduce the right responses for the right reasons

• Apply model at biome scale beyond single-point BIFoR run



Thank you!

For more information

please contact:

Alexander Kurganskiy

Email: AleKur@ceh.ac.uk

Credit: University of Birmingham, BIFoR FACE
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