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Climate energy fluxes



The origin of this study: a 2-m temperature tendency in Palma exceeding
0.7°C/dec in May-June over the 1973-2012 period (Jansa et al. 2017)
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This tendency was highly correlated with 500 hPa geopotential height



This was found to be a regional tendency for 1973-2012,
not just a local feature
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ERAS tendency is coherent with observations

May-June Temperature over Mallorca at 1000hPa
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ERAS shows also the shape of the regional temperature tendency

850 hPa temperature tendency and S|gn|f|cance
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Thickness and geopotential height tendency and significance for May-June

500-1000hPa thickness tendency and significance
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Thickness and geopotential height tendency and significance for May-June
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Attribution: the Hadley circulation
Divergence
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Pressure (hPa)

Pressure (hPa)

Divergence averaged for all longitudes and 1979-2018
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Pressure (hPa)

Pressure (hPa)

Divergence averaged for 1979-2018 between 10W and 10E
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Year

Hovmoller diagram for the global divergence

Evolution of the divergence global avg
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Hovmoller diagram for the 10W-10E divergence
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Attribution: the Hadley circulation
Vertical velocity



Yearly cycle of w in 200-400 hPa averaged for 1979-2018
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Zonally averaged w over the Iberian region:
yearly meridional variation and tendency at 200-400 hPa

w 200-400hPa, 10W-10E 1979-2018 average, smoothed
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Zonally averaged w over the Iberian region:
yearly meridional variation and tendency at 200-400 hPa
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Attribution: the Hadley circulation
Evaporation - Precipitation

From Previdi and Liepert, 2007



Evaporation - Precipitation yearly mean 1979 - 2018
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Evaporation — Precipitation May-June mean 1979 - 2018

0.012

- 0.006

- 0.000

- —0.006

—0.012

40°W 20°W

w Ajyjuop



Evaporation - Precipitation yearly tendency and significance
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Evaporation - Precipitation May-June tendency and significance
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Attribution: the Hadley circulation
Jets



Definition of the jet stream
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Jet windspeed mean 1979 - 2018
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Jet May-June windspeed mean 1979 - 2018
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Yearly jet windspeed tendency
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May-June jet windspeed tendency
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Jet pressure mean 1979 - 2018
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Jet May-June pressure mean 1979 - 2018
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Yearly jet pressure tendency
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May-June jet pressure tendency
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Year

Jet latitude May-June Hovmoller diagram
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Latitude

Jet latitude May-June
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Jet latitude May-June (removing the 1994 and 2014 outliers)

42
x
41 x *ox
x x
40 -
()
©
2 39 1
)
8
38 -
x
x x
x
37
slope = 0.0384, p = 0.0116
36 T T T T T T T T
1980 1985 1990 1995 2000 2005 2010 2015

Year



An attemp to identify the physical processes:
the temperature tendency equation



Temperature tendency equation

Local time rate Horizontal Adiabatic Vertical Diabatic
of change of advection compression advection heating or

temperature l l l cooling

oT T T
- — 7. - I
,t — U Cr.] + WK W Cp




Time integrated contribution of the temperature tendency equation terms

Temperature change at 850hPa
between 1979-1988 and 2009 2018
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Time integrated contribution of the temperature tendency equation terms

Horizontal advection contribution to 850hPa T change
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Time integrated contribution of the temperature tendency equation terms

Adiabatic compression contribution to 850hPa T change
between 1979-1988 and 2009-2018 K
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Time integrated contribution of the temperature tendency equation terms

Vertical advection contribution to 850hPa T change
between 1979-1988 and 2009-2018
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Time integrated contribution of the temperature tendency equation terms
Diabatic contribution to 850hPa T change

between 1979- 1988 and 2009 2018 K
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Modelling risks of renewable
energy penetration



What are we trying to do?

For the current climate:

- Analyze the effect of climate variability on the electric
system with a focus on renewable energy sources
- Study the risk of saturation and shortage of the system

For the future climate:

- Estimate these features in future scenarios under a
climate change context



The e4clim model
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An example: the Italian case
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An example: the Italian case
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An example: the Italian case
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Our changes

Implementation of the model to the Spanish electricity system
Experimentation with the reduced system of the Balearic Islands
Introduction of conventional energy sources

Application to climate change scenarios



Overview

A temperature rise is found in the Western Mediterranean and Occidental
Continental Europe

The warming is found to be associated with the 500 hPa geopotential height

An analysis based on divergence and vertical velocity indicates a northward shift and
an intensification of the downside branch of the Hadley circulation-

A study of precipitation and evaporation indicates a drying of the Iberian zone
The 100 - 400 hPa jet shows a shift of the downward circulation

An attribution analysis based on the temperature tendency equation may reveal
physical processes behind this regional warming

The e4clim model for renewable energy studies is introduced
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