Global warming - physicist's perspective
02 - measurements and modelling
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THE EARTH is illuminated by shortwave SOLAR radiation, which is partially
absorbed and partially reflected.

In (quasi) equilibrium energy of absorbed radiation is balanced by emission
in thermal infrared.

Deflections from the equilibrium result in climate system heating/cooling.



ENERGY IN CLIMATE SYSTEM
1. Solar energy flux = ¥4 of Solar constant
1/4*1362W/m*= 341W/m-.

2. Earth's surface albedo, mean =0.3, highly variable,
from 0.9 (fresh snow) to 0.07 (clean ocean).

3. Geothermal energy flux =0.092W/m~.

4. Heat flux from fossil fuel combustion =0.026W/m?.

BASIC PROPERTIES OF THE CLIMATE SYSTEM
1. Air: surface pressure =1000hPa (10m of water),
cp:1004J/kg*K.

2. Water: global average depth = 3000m, ¢ =4192J/kg*K.
Ground — only a shallow layer responding to radiative fluxes.
4. Greenhouse gases: H O, CO_, CH,, O_, many others.
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Forcings and feedbacks in climate system.

Climate forcings are the initial drivers of a climate shift.
Examples: solar irradiance, changes in the planetary orbit,
anthropogenic or volcanic emissions of greenhouse gases.

Climate feedbacks are processes that change as a result of a
change in forcing, and cause additional climate change.
Examples : ice-albedo feedback, CO2 solubility.

Feedbacks can be positive or negative.

Positive feedbacks, when exceeding thresholds, may lead to
rapid climate changes.

There are indications in paleoclimatological data that such
changes occurred in geological history of the planet.

http://www.ncdc.noaa.gov/paleo/paleo.html
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http://www.wmo.int/pages/themes/climate/climate_observation_networks_systems.php

Atmosphere: Over 11,000 weather stations, as w ester
satellites, ships and aircraft take measurements.

1040 of stations are selected to provide high quality climate data.
There are special networks at national (e.g. Reference Climate
Stations), regional (e.g. Regional Basic Climatological Network) and
global scales. (e g. the Global Climate Observing System - GCOS -

World Meteorological Organization

Climate = Water
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Aircraft based observations


http://www.wmo.int/pages/themes/climate/climate_observation_networks_systems.php

OCEAN:
ARGO project: temperature and salinity profiling, deep
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Earth Observatory's
Image of the Day

About NASA's Earth Observing System

The Earth Observing System (EQ3) is a coordinated series of polar-orbiting and low inclination satelites for
keng-term global cbservations of the land surface, biosphere, solid Earth, atmosphere, and oceans. EQ3
a major component of the Earth Science Division of NASA's Science Mission Directorate. EOS enables an
improved understanding of the Earth as an integrated system. The EOS Project Science Office (EOSPS0O)
is committed to bringing program information and resources to program scientists and the general public
alike.

observing the earth

Download 2012 NASA Science Mission Directorate Calendar Screen Saver NEW!
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The Earth Observer Newsletter online is now available in color!
February 17, 2041
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Satellite systems of
NASA, ESA, JAXA
and others.

EO programmes
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SECURING OUR ENVIRONMENT

OMNS > Saleltes and Spacecraft

Satellites offer a wide variety of valuable services. These Include communications and weather
observation, which are essential to modem Iife, as well as astronomical observation and space

pment. Japanese now in orbit are performing missions in a wide range of areas.
For example, they have been playing an important role in assessing and analyzing abnormal
weather pattems. For the purpose of planetary exploration, plans are under way for sending probes
to the Moon and Mars.

Earth Observation Satellites
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BENEFITING OUR ECONOMY

Image of the week
archive

Earth from Space on ESA
Web-TV

4 SMOS SUCCESS

ESA's water mission is shedding new light

on the meandering Gulf Stream

Archive

Living Planet Symposium
2013



Observations - summary

Temperature anomaly
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Sea level change

(a) Global sea level budget

| Global mean sea level
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@ Global mean ocean mass

—= Ocean mass + steric sea level
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(b) Sea level rise, 1963-2020_
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https://www.ametsoc.org/index.cfm/ams/publications/bulletin-of-the-american-meteorological-society-bams/state-of-the-climate/



Carbon dioxide

Other well-mixed
greenhouse gases

Ozone

Stratospheric
water vapour

Albedo

Contrails & aviation-
induced cirrus

Aerosols
Total anthropogenic

Solar

-2

Change|in effectivq radiative forcing frorp 1750 to 21019

Land use

Light absorbing particles on
snow and ice

Aerosol-cloud Aerosol-radiation

Effective radiative forcing (W.m™?)

ERF (Wm™)

2.16 [1.90 to 2.41]
0.54 [0.43 to 0.65]
0.21[0.18 t0 0.24]
0.47[0.24 t0 0.71]

0.05 [0.00 to 0.10]

0.20-0.30 t0 -0.10]

0.08 [0.00 to 0.18]
0.06 [0.02 to 0.10]

0.22 [-0.47 t0 0.04]
0

0.84 [-1.45 to -0.86)

272 [196.40 3.48]

0.02-0.08 t00.06]



Simu!ated ternlperaturelcontributlions in 2919 relatilve to 1750
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1.01[0.74 to 1.41]
0.28[0.19 to 0.39]
0.10[0.07 to 0.14]
0.23[0.11 t0 0.39]

0.02 [0.00 to 0.06]

0.1 [-0.18 to -0.05]

0.04 [0.00 to 0.10]

0.02[0.01 to 0.05]

0.13[-0.28 to -0.01]
0.38 [0.77 to40. 18]

0.01 [-0.04t0:0,04]

0.02[-0.03t0 -0.01]

1.27 [0.96 to 1.64]
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Energy balance of climate system. Units: W/m®.

http://www.climatechange2013.org/report/



http://www.climatechange2013.org/report/

AGGI (2020) = 1.47
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Annual Greenhouse Gas Index (AGGI)
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https://www.ametsoc.org/index.cfm/ams/publications/bulletin-of-the-american-meteorological-society-bams/state-of-the-climate/



Why particles with 3 or more atoms absorb
long-wave (low energy) radiation?
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Concentration (ppm)
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Regular observations of CO,

and the other atmospheric
gases are reported to WMO
World Data Centre for
Greenhouse Gases
(WDCGG)

http://ds.data.jma.go.jp/gmd/wdcgg/

http://scrippsco2.ucsd.edu/


http://ds.data.jma.go.jp/gmd/wdcgg/
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Total global emissions: 43.0 = 3.3 GtCO, in 2019, 56% over 1990
Percentage land-use change: 39% in 1960, 14% averaged 2010-2019
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https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/bg-17-4075-2020
https://doi.org/10.5194/acp-10-11707-2010
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/

Mauna Loa Observatory, Hawaii and South Pole, Antarctica .
Monthly Average 3'3C Trends Carbon stable ISOtOpeS

s s B s O concentration ratio 1*C/*2C allows
' i to determine the role of fossil fuel

combustion in CO2 concentration

i Increase in the atmosphere and in
the ocean.
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Climate modeling: a virtual planet

geophysical fluid dynamics
thermodynamics

ono, Tadiative transfer

peranee chemistry equations

“** boundary conditions

Horizontal grid |
Latitude - longifude I

Vertical grid

Height or pressure

Physical processes in a model
Atmosphera

model e(ilations

Horzontal pyymerical code

exchange
between

«umne  (ata and initial conditions
- supercomputing facility

\

virtual reality allowing for
simulating climate



The development of climate models over the last 35 years

Mid-1970s  Mid-1980s FAR SAR TAR AR4 AR5
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Predictability of weather and climate

Edward N. Lorenz (1917-2008):

Selected papers:

,Deterministic nonperiodic flow”, 1963
(sensitivity of solutions to initial conditions: “butterfly effect”, a well defined
attractor)

,1he problem of deducing the climate from the governing equations”, 1964
(long term predictability — obcertainties in the governing equations)

,Climatic change as a mathematical problem”, 1970
(unpredictable weather does not mean that climate is not predictable)

,Predictability — a problem partly solved”, 2006



Predictability of weather and climate — illustration:
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b) Change in global surface temperature (annual average) as observed and
simulated using human & natural and only natural factors (both 1850-2020)
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. . (a) Shortwave cloud radiative effect - MOD-OBS (d) zonal average of shortwave CRE
Model validations:

Annual-mean cloud
radiative effects of the
CMIP5 models compared
against the measurements
(CERES

EBAF 2.6) data set (in W m™~
% top row: shortwave effect;
middle row: longwave
effect; bottom row: net
effect).
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Model results are for the
period 1985-2005, while
the available CERES data
are for 2001-2011.
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http://www.climatechange2013.org/report/

Model ensembles vs. observations.

(a) 1998-2012 (b) 1984-1998 () 1951-2012
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(Top) Observed and simulated global mean surface temperature (GMST) trends in degrees Celsius
per decade, over the periods 1998-2012 (a), 1984-1998 (b), and 1951-2012 (c). For the observations,
100 realizations of the Hadley Centre/Climatic Research Unit gridded surface temperature data set 4
(HadCRUT4) ensemble are shown (red, hatched).



Arguments, that climate model provide valuable information:

1) the models can reproduce the current climate;

2) the models can reproduce the recent observed trends as well as
the more distant past;

3) the models are based on physical principles;

4) there is a hierarchy of the models from the simplest ones to most
complicated, which allows for understanding and interpretation
many of the results;

5) the value of simulations is increased where multiple models are
available, since they indicate which changes are more certain than

others.

Knutti, R., 2008: Should we believe model predictions of future climate change?doi: 10.1098/rsta.2008.0169
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