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Quantifying Energy Flow
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History of Greenhouse Gases
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A History of Measuring Devices
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A Hiatus?

Global Land—Ocean Temperature Index
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Earth Energy Balance

How is Earth’s Energy Imbalance Measured?

1. Direct measurements from space, absorbed solar radiation, outgoing
long wavelength radiation, net radiant flux.
- Measurements are not absolutely accurate but can measure changes
in time.

2. Measure energy storage on Earth.
- A challenge to make adequate measurements of thermal reservoirs

(oceans).

3. Climate models with specified forcings.
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The Difficult Challenge — Measuring the Oceans

Change in Earth’s Total Heat Content
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Improvements to Ocean Heat Content Measurements

Measuring Ocean Heating
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Progress on Closing the Earth Energy Budget

ORAS4 — A new Ocean ReAnalysis System, based on the European
Center for Medium-Range Weather Forecasts (ECMWF) model.

Reanalysis spans 1958-current.

Improves fit of models to observations including interannual variability and
seasonal predictions.

Data are assimilated using XBT, CTD, Mooring, etc. measurements.

Forcings from ERA-40 (prior to 1989), ERA-Interim (1989-2009), and
ECMWEF analysis from 2010-present.

M. Balmaseda, K. Mogensen and A. Weaver, Evaluation of the ECMWF
Ocean Reanalysis System ORAS4, Quarterly Journal of the Royal
Meteorological Society, Vol. 139, pp. 1132-1161, 2013. G
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What is Reanalysis?

From ECMWEF (http://www.ecmwf.int/en/research/data-assimilation)

“To make a forecast, we need to know the current state of the Earth’s
surface (land and oceans). The weather forecasts produced at ECMWF
use data assimilation to estimate local conditions for the forecast model

from meteorological observations.”

Models are run forward in time, new observations are continually used to
update the simulation.

The models are run as ensembles — multiple simulations including small
perturbations in the initial conditions.
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Ocean Warming
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Most Recent Ocean Warming
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Long-Term Continued Warming

Adjusted data
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When account is made for volcanoes and ENSO, and when the entire
ocean is measured, the “hiatus’ becomes hard to find.
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Why Has Deep-Ocean Heat Storage Increased?

Temperature difference per st. dev. PDO
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Why Has Deep-Ocean Heat Storage Increased?

Comparison of ocean heat content for different
water layers.

Waters in the Eastern Pacific have gotten colder

Waters in the Western Pacific have gotten warmer
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Pacific Pressure and Winds
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Pacific Oscillation, Temperatures, and Winds
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Impact on Regional Sea Level — 3mm/yr removed
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Global Sea Level — Also no Hiatus
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Where Does This Leave Us?

b Global mean temperature anomalies
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Where is the Hiatus?

Decades of Warming
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Thank you....

John Abraham
University of St. Thomas
jpabraham@stthomas.edu

==

A\ (4
UNIVERSITY
of ST THOMAS

MINNESOTA

3 international Conference on Earth Science and Climate Change



