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Energy balance climate models as a tool for investigating the
linkage between the energy imbalance and the hydrological cycle 
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The planetary energy imbalance depends on the amount of solar energy entering and leaving the

system, as well as changes in greenhouse gas concentrations. Since the start of the 21st century,

the Earth’s energy imbalance (EEI) is assumed to have doubled, linked to the reduction of solar

radiation reflected back to space, due to atmospheric dimming. Rapid and responsive feedback

mechanisms have contributed to the accumulation of excess heat within the global oceans. The

ocean warming drives the positive change in EEI and impacts the hydrological cycle, becoming

more intense. Such linkage disturbs well-established weather patterns and cause their alternation.

To understand these phenomena, traditionally complex state-of-the-art coupled climate models

would be used. However, the strength of simpler, energy balance climate models capturing large-

scale features has shown to be an alternative approach in understanding the general state of

climate.

In this study, we utilise the ocean component of the newly developed novel energy balance climate

model (nEBM) to examine the relationship between EEI and ocean warming. Our approach

perturbs key hydrological cycle elements (e.g., precipitation, runoff, evaporation, etc) in addition to

other forcing components (e.g., CO2) to show the resulting ocean response and the subsequent

impacts on EEI. These results are compared to observational datasets to demonstrate the

performance of the nEBM ocean model. The obtained results are compared to CMIP6,

observations, and relevant literature. Finally, we discuss the ability of simpler climate models (e.g.,

nEBM) to quantify sensitivity in climate studies.
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