
GGCM validation – Seite 1



GGCM validation – Seite 2

ISIMIP3 round - global gridded crop model validation
Cornelia Auer, Kobe de Maeyer
22.04.2024 ISIMIP conference



GGCM validation – Seite 3

Research questions and approach
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› Strong divergence
› Hard to communicate to policy and decision makers
› Impression from median→ no problem, nothing much to do

Why

Source: Bacca et al. 2023

https://www.nature.com/articles/s43247-023-00941-z
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› 1. Which models is the best for which region for which crop?
› 2. Can we build an Ensemble projector from this analysis?
 weighted model ensemble

› 3. “What are the regional patterns in model performance and whatmodel characteristics explain these patterns?”

Research questions
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› ISIMIP3a historic runs (11 models)
› full irrigation, no irrigation combined according to HYDE 3.2 (Klein et al),harmonized by Hurtt et al.

› Benchmark data:Iizumi, Toshichika (2019): Global dataset of historical yields v1.2 and v1.3
0.5-degree grid-cell annual yield estimatesmaize, rice, wheat and soybeanperiod 1981-2016

› PreprocessingQuadratic detrending of yieldsNo yearly shift yet

Approach - Data

https://www.google.com/url?q=https://luh.umd.edu&sa=D&source=editors&ust=1713454729922596&usg=AOvVaw23vF9d4UXYchurJl5vDsRK
https://doi.pangaea.de/10.1594/PANGAEA.909132
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› Analysis clustered to FAO GAEZ regions, currently to hydrological OR temperature characteristics
Approach - regions

Original (33 regions): Our aggregation (7-8 regions):

source: GAEZ portal

https://gaez.fao.org/pages/data-viewer
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› Different performance measures:
› Pearson correlation
› Root Mean Square Error
› Median Error
› [opt]: Spearman Correlation

› Bayesian Model:Response variable: performance measure (currently Pearson Correlation)Predictor variables: 88 = 11 * 8 model - region groups-> why Bayesian: results with uncertainty, insights in distribution
Not reflected for now: spatial spillover effects, unequal variances, tails of thedistributions

Approach - Statistical analysis: (Bayesian) regression



GGCM validation – Seite 9

Bayesian model
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More intuitive representation of model
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Results
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Variance differs strongly→ filtering for climate extremes
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› RMSE, Median error (over- and underestimation)RMSE tricky because it rewards models with little reactivity (SD)
› Pearson correlation / Spearman correlation

Right performance measure
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overestimation

underestimation

Best are those with the lowest standard deviation
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Key model characteristics
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› How
› Data: show table -> key model characteristics
› Model

Regression of model characteristics - based on common table, THX!

https://docs.google.com/spreadsheets/d/14Z9ObJIPnwWCCiO2G_yaU0zr7HasspsJ/edit#gid=504398012
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› Different performance measures:
› Pearson correlation
› Root Mean Square Error
› Median Error
› [opt]: Spearman Correlation

› Bayesian Model:Response variable: performance measure (currently Pearson Correlation)Predictor variables: 88 = 11 * 8 model -region groups16 = 2 * 8 characteristics – region groupsBinary groups of groups – simple vs complexe.g. light utilization (RUE vs photosynthesis), water stress (water logging yes / no)

Approach - Statistical analysis: (Bayesian) multivariate regression
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- RUE stands for Radiation-use efficiency
- Photosynthesis approachis supposed to be moredynamic
- acea was not consideredhere (NA in table)

 On average the “simple”approaches perform better

Results – light utilization
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Results – yield formation
- Fixed yields: harvest index(HI)
- Dynamic: both dynamicallocation (DA) anddynamic harvest index(DHI)
 On average the “simple”approaches perform better
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- WDmeans models thatonly have a waterdeficit stress
- WL are the models thatalso have waterloggingstress
 Including waterloggingincreases correlation forup to 1/3 (moist regions)

Results – water stress
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- “Simple” models onlyhave or photosynthesiseffect, biomass effector both
- Complex have at leastone other effect as well(canopy, leaftemperature,...)
 Again simple approachseems to have a slightadvantage

Results – drought effect
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- Simple means that themodels only affect howmuch was grown viaphotosynthesis and/orbiomass
- Complex models havean additional effect onphenology, pollinationand yield formation .
à Some results also don’tseem to make toomuch sense?
à Your input oncharacteristics matters!

Results – heat related stress
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Next steps and future work
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● Which key model characteristics most interesting?
● Filter climate extremes (droughts and heatwaves)?

○ Temperature variability, count of wet days, 99th percentile of wetdays,...or CDO indicators
○ How to bring things together again?

Questions to audience
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APPENDIXAdditional figures
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1. Results for other crops
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2. Model characteristics: results for other crops
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3. Raw data distributions of correlation values
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Appendix: yields benchmark data
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