PROJECT SUMMARY
CAREER: Understanding the flow of energy through the climate system
Principal Investigator (PI): Aaron Donohoe
Overview: The movement of energy by atmospheric and oceanic circulations (meridional heat transport – MHT) plays a fundamental role in many characteristics of Earth’s climate including the habitability of both tropical and polar regions and the spatial pattern of climatological, variability of, and future changes in temperature and precipitation. The proposed work will diagnose and compare the flow of energy through the Earth’s climate system at the global-scale in observational data sets, comprehensive climate model simulations and idealized model simulations to evaluate model fidelity and the sensitivity of global energy flows to underlying climate system properties. MHT will be analyzed from two complementary perspectives: radiative perspective as the net radiative deficit of a given region; and dynamic perspective as the movement of energy by atmospheric and oceanic circulations between regions. I show that model simulations of the global scale net radiative budget is relatively insensitive to climate state. Thus coupled (atmosphere plus ocean) MHT is radiatively constrained. However, the atmospheric and oceanic processes responsible for the MHT differ dramatically with climate state but in compensating ways. Analysis and experiments are proposed to understand how radiative constraints are communicated to atmospheric and oceanic circulations.  
The movement of energy by the atmosphere is intricately linked to climate processes spanning from the tropics (i.e. the pattern of tropical precipitation) to the polar regions (i.e. sea ice variability and future long term-changes). Therefore, analysis of global scale energy flows provides insights into the processes underlying model biases in the spatial patterns of precipitation and temperature, mechanisms of internal variability and future/past forced changes. 
	I will address the following questions:     
1. What is the underlying cause of inter-model spread and biases in MHT? How is the spread and bias partitioned into AHT, OHT and circulation components/thermodynamic components as viewed from dynamics and radiative perspectives?
2. How are radiative constraints communicated to atmospheric and oceanic circulations to maintain near invariance of total poleward energy transport in response to external forcing?
3. How can regional and seasonal diagnostics of energy transport inform our understanding of mechanisms of model biases, variability and future changes in climate phenomena? Specifically, what is the signature of energy transport in the spatial pattern of tropical precipitation and sea ice variability and changes?
Integrated with these scientific objectives are educational and outreach activities designed to enhance the research capabilities of the climate research community and engage K-12 audiences. I will:
1. Enlist graduate student to be trained in science communication and help develop novel hands-on interactives that illustrate climate science concepts. These hand-on activities will be used in museum events and brought to classrooms throughout Washington state through the Science on Wheels program developed by the Pacific Science Center in Seattle Washington.   
2. Develop an online repository for calculating global scale energy flows for the use by the climate research community 
Intellectual Merit: Energetic analysis in ubiquitous in the climate research community and the proposed work will develop methods and resources for the model-observation comparison of global scale energy flows. The underlying controls of global scale energy flows (and sensitivity to climate state) will be probed with targeted experiments and analysis. The proposed work will develop novel methodologies to evaluate and improve climate model performance across a wide range of spatial-temporal scales.
Broader Impacts: This research provides fundamental and applied knowledge on the global climate system and will develop and share analysis techniques with the climate research community through the development of an online analysis repository. Additionally, this project will bring fundamental climate science themes into the classroom and museum events through the development of hands-on modules. These activities will reach diverse audiences of K-12 students and the general public.
