Evaluation of JULES in Simulating Energy, Water, and Carbon Exchanges
Across Multiple African Landscapes
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|1. Background I 3. Results

¢ Land surface models (LSMs) simulate energy, water, and carbon exchange. A GPP EC observed vs JULES simulated B. Reco EC observed vs JULES simulated
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*+ We evaluated the Joint UK Land Environment Simulator (JULES) using observations
from 16 African eddy covariance flux tower sites.
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*»* Fluxes assessed: GPP, RECO, ET, LE, H.

. . . L .
** Focus: How model performance varies across ecosystem types and climatic gradients C. Evapotranspiration EC observed vs JULES simulated D. Sensible heat EC observed vs JULES simulated
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ecosystem gradients (16 sites, 5 ecosystem types).

in LSMSs strengthens model predictions for

; Figure 4. JULES simulated vs observed fluxes from EC flux towers across 16 sites in Africa
climate and land management.

, JULES performance varied systematically across ecosystems. Croplands were consistently well simulated,
Research Aim ,
forests and grasslands showed mixed outcomes, savannas captured water and energy fluxes but struggled

* Evaluate JULES across African ecosystems with carbon, and wetlands were consistently the weakest across all fluxes
¢ Assess influence of MAT, Al, and precipitation anomaly with LMMs ’ '
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Figure 2. Number of site-vears of flux observations across showed similar climate dependencies, with errors lowest at warm sites but highest in dry and anomalously

temperature and aridity gradients Spin-up: lOOO-Year sp.m-up to equilibrate soil wet conditions. Correlation improved only during wetter-than-average periods, while MAT and Al effects
C pools before simulations. were weak.
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COI‘relation(r) (temporal COITeSpondence) Figure 6. Reco predicted performance from linear mixed effects model
Statistical models (GLMM a Reco bias declined with warmer MAT but increased during wetter-than-average years, while aridity showed
atistical models ( s) (per-flux) only a weak effect. Errors (RMSE) were lowest at warm sites but rose under rainfall surpluses, consistent

Bias ~ MAT + Al + PrecipAnomly + (1 | SiteID) with the strongest anomaly signal. Correlation declined during wetter periods, while MAT and Al effects
were weak
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» RECO is the weakest flux overall, with poor model—data agreement across most sites.
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» Wetlands are the poorest-performing ecosystems, with large errors across all fluxes.

. . . . . . Figure 7. ET predicted performance from linear mixed effects model
» Water-related gradients dominate model performance: precipitation anomalies and

ET bias increased under wetter conditions and more humid climates, while temperature had little effect.

, . . , Errors (RMSE) rose with higher MAT and Al, though wetter years slightly reduced errors. Correlation
» GPP emerges as the most climate-sensitive flux, shifting with MAT, Al, and showed only weak and uncertain responses to climate gradients.

aridity consistently increase bias and error across fluxes.

precipitation anomalies.

» RECO carries a clear MAT signal, and ET shows mixed responses under wetter and |_5- Next steps I

more humid conditions. *Assess inter-annual variability of GPP using hydrological years at sites with >4 years of data.
*Analyse intra-annual (seasonal) variability in 3-month windows to test JULES’ seasonal timing.
Identify how well JULES captures year-to-year anomalies and seasonal dynamics of GPP.
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