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State-of-the-art climate models simulate a wide range of future warming for the 21

st

century, even

when run with identical anthropogenic and natural forcings. Constraining this uncertainty in future

warming is a key challenge in climate science: it is the foundation for the calculation of carbon

budgets and resulting climate policy, and it is indispensable for the design of appropriate climate

adaptation measures on global, regional and local levels. 

The Transient Climate Response (TCR) is an idealized metric commonly used to quantify future

warming in climate models. Climate models simulate a wide range of 1-3K for TCR (Forster et al.

2021). Existing emergent constraints on TCR based on historical temperature trends had led to a

consistent downward revision of this range at the time when CMIP6 simulations were first

published, consistently excluding models with very high TCR values. However, recent evidence

based on Earth's energy imbalance (EEI) shows the opposite, i.e., that models with higher TCR

values reproduce observed EEI trends better (Myhre et al. 2025). In this work, we address and

reconcile this apparent discrepancy. We first improve existing temperature-based constraints by

statistically removing internal variability in global temperature and EEI from spatial surface

temperature anomalies (Gyuleva et al. 2025). We show that earlier temperature-based TCR

constraints were biased low due to cooling variability contributions in recent decades. We then

show that recent trends in both variability-adjusted temperature and energy imbalance point to

higher TCR values, yet constraints based on shorter and more recent trends are much more

uncertain. Our results highlight that constraints based on Earth’s energy imbalance are a valuable

source of observational evidence to constrain future warming in addition to temperature-based

constraints. Our results further suggest that previous constraints on TCR have to be revised

upward due to the combined effects of variability and the inclusion of evidence from Earth’s

energy imbalance.
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