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Calvin et al. (2018, ERL)

• 19 papers (11 models)
• 12 (5) with LU feedbacks

Jack-Scott (2019)



Calvin et al. (2018, ERL)

• 19 papers (11 models)
• 12 (5) with LU feedbacks

• Effects of including feedbacks
on simulated…
• Temperature
• CO2 emissions & concentration
• Crop area and production

• Can be substantial!
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Analyses have 
so often been

one-way…

…when we really 
need two-way 
couplings for 
feedbacks.
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CESM
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Productivity feedbacks in iESM

Thornton et al. (2017, NCC)

• GCAM projects LU and management, 
typically with fixed historical crop/forest 
yields

• iESM informs GCAM crop/forest yields 
with changing NPP & respiration from 
CESM

• Productivity increases (CO2 fertilization)

• Compared to no-feedbacks run:
• Less cropland, more forest
• Lower CO2 concentration
• Lower crop prices
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Two-way coupling 
enables…

• Representation of real-
world feedbacks

• Exploration of system 
resilience / sensitivity, 
incl. thresholds

• More consistency 
between models
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Global area changes by 2040
(relative to 2015), Mkm2
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Two-way coupling 
enables…

• Representation of real-
world feedbacks

• Exploration of system 
resilience / sensitivity, 
incl. thresholds

• More consistency 
between models
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Robinson et al. (2018, ESD)

Coupling effect vs. actual 
feedback?

Hard to compare results 
from different model 
systems

Modular coupling



Strategies for modular coupling

Standardize
outputs
definitions
API

to aid cross-compatibility

https://bmi-spec.readthedocs.io/en/latest/ https://github.com/csdms/pymt/blob/master/docs/demos/cem_and_waves.ipynb

Robinson et al. (2018, ESD)



Use wrapper/container software (e.g., Docker)
to make it easier for others to run a model
and ensure portability

emulation
“run”
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Challenges for (modular) coupling Robinson et al. (2018, ESD)
Calvin et al. (2018, ERL)

Parameter 
interdependence

Stochastic vs. 
deterministic 
models

Technically 
difficult

Takes time!

Error propagation, 
amplification



Thanks!



References
Alexander, P., Rabin, S.S., Anthoni, P., Henry, R., Pugh, T.A.M., Rounsevell, M.D.A., Arneth, A., 2018. Adaptation of global 

land use and management intensity to changes in climate and atmospheric carbon dioxide. Global Change Biol
24, 2791–2809. doi:10.1111/gcb.14110

Calvin, K., Bond-Lamberty, B., 2018. Integrated human-earth system modeling—state of the science and future 
directions. Environmental Research Letters 13, 063006–15. doi:10.1088/1748-9326/aac642

Di Vittorio, A.V., Chini, L.P., Bond-Lamberty, B., Mao, J., Shi, X., Truesdale, J., Craig, A., Calvin, K., Jones, A., Collins, W.D., 
Edmonds, J., Hurtt, G.C., Thornton, P., Thomson, A., 2014. From land use to land cover: restoring the afforestation 
signal in a coupled integrated assessment–earth system model and the implications for CMIP5 RCP simulations. 
Biogeosciences 11, 6435–6450. doi:10.5194/bg-11-6435-2014

Krause, A., Pugh, T. A. M., Bayer, A. D., Doelman, J. C., Humpenöder, F., Anthoni, P., et al. (2017). Global consequences of 
afforestation and bioenergy cultivation on ecosystem service indicators. Biogeosciences, 14(21), 4829–4850. 
http://doi.org/10.5194/bg-14-4829-2017

Rabin, S. S., Alexander, P., Henry, R., Anthoni, P., Pugh, T. A. M., Rounsevell, M., & Arneth, A. (2019). Impacts of future 
agricultural change on ecosystem service indicators. Earth System Dynamics Discussions, 1–27. 
http://doi.org/10.5194/esd-2019-44

Robinson, D. T., Di Vittorio, A., Alexander, P., Arneth, A., Barton, C. M., Brown, D. G., et al. (2018). Modelling feedbacks 
between human and natural processes in the land system. Earth System Dynamics, 9(2), 895–914. 
http://doi.org/10.5194/esd-9-895-2018

Thornton, P.E., Calvin, K., Jones, A.D., Di Vittorio, A.V., Bond-Lamberty, B., Chini, L., Shi, X., Mao, J., Collins, W.D., 
Edmonds, J., Thomson, A., Truesdale, J., Craig, A., Branstetter, M.L., Hurtt, G., 2017. Biospheric feedback effects in 
a synchronously coupled model of human and Earth systems. Nature Climate Change 7, 496–500. 
doi:10.1038/nclimate3310


