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Understanding Climate Change
— What, Why, Where and When ?

What has, is and will happen?

Why? Which are the main natural and anthropogenic mechanisms
to impact climate and how do they interact?

Where will climate change be most prominent and which form will it
have In different geographical regions?

When will we reach a point of no return?



Objectives of Pillar 1: Climate Drivers

To understand the forcing and drivers of the climate system at global, regional and
national scales: anthropogenic and natural origins

Greenhouse gasses and processes driving the exchange of gasses between
atmosphere and ecosystems in the oceans, ice and on land.

Transport and chemical transformation of gases and aerosols in the atmosphere
and feedback to the climate systems

The interaction between changes in ocean-atmosphere and cryosphere and its
Impact on key climate parameters.

How: combination of global climate models (incl. atmospheric chemistry models)
with results from field and laboratory experiments and monitoring data from a range
of research fields.
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Is this normal?

Relative to 1951-1980 average ?


Q 15 - Proxy type
'] = 1057 27 = 6 Alkenones ——
years $o. Ml T
04 @ Others ——
- -0.5+ 2 0.0
Of C O O I I n -1 B 1'5 . Response seasonality
-1.5— o5 — 10 57 43 11 Mean SST —e—
- O E 0.0 Cold SST =
- -0.5 ’
- 1
- 1.5 '5 1.0
S o5 >8 SST pts per bin ——
. 2 0.0
Global synthesis of sea < - L5 =
surface temperatures -1 -
derived from 57 individual [ o7 5 o9 414C dates ——
marine reconstructions > 151 L o5 E 0.0 <4 1C dates ——
:§ 1 : :} - Sedimentation rate
Significant global cooling b O-g' 2 10357 32 18 1
. . . — N =01 -
trend for SSTin pre-induscrial > 05- \e Y 207 cm vt ——
Common Era E -14 e = -
= -1.5- L 0.5 o Water depth
° s = 103 57 43 _
S [ os =S 05 Depth >500 m=——
= 1.5 1 ' § 0.0 Depth <500 m=——
- 14 L _
o
T O 0.5 ~ 1.5 Latitudinal band
=
9 = 10757 24 29 Extratropical NH —e—
-1 ‘I- g 0.0 Extratropical SH —e—
< 1.5 B
B 3-5 o Ocean basin
B = 57 4 29 Mediterranean ——
= - -0.5 = (;(5) 2 2 46 4 Southern —e—
= L = " p_*i\tlantic — Arctic =———
- s § 0.0 Pacific == Indian ——
T- : Hemisphere
(=
)5 - — 1.0 57 46 1
— 1.5 =
14 : S 05 NH ——
1.5 4 B 105 2 0.0 SH ———
= O . Upwelling
- -0.5 — 10 57 7 50
— E 0.0 Non-upwelling ——
T T T T T T T T T T
MCGregor et a‘l 2015 100 300 500 700 @00 MO0 1300 1500 1700 1900
Nature Geoscience Year (CE)

0 CE 1000 CE 2000


Presenter
Presentation Notes
Ask geologists  -- 

Colored by ocean basin

Yet for the past 2,000 years — a key interval for understanding the present and future climate response to these forcings — global sea surface temperature changes and the underlying driving mechanisms are poorly constrained. 
 Here we present a global synthesis of sea surface temperatures for the Common Era (ce) derived from 57 individual marine reconstructions that meet strict quality control criteria. We observe a cooling trend from 1 to 1800 ce that is robust against explicit tests for potential biases in the reconstructions. Between 801 and 1800 ce, the surface cooling trend is qualitatively consistent with an independent synthesis of terrestrial temperature reconstructions, and with a sea surface temperature composite derived from an ensemble of climate model simulations using best estimates of past external radiative forcings. Climate simulations using single and cumulative forcings suggest that the ocean surface cooling trend from 801 to 1800 ce is not primarily a response to orbital forcing but arises from a high frequency of explosive volcanism. Our results show that repeated clusters of volcanic eruptions can induce a net negative radiative forcing that results in a centennial and global scale cooling trend via a decline in mixed-layer oceanic heat content. 


Onset and magnitude of industrial-era warming in regional
temperature reconstructions, paleoclimate records
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Opvarmning – som skyldes industrialisering – der er mange bidrag, også naturlige men kan sige at industrialiserint med sikkerhed dominerer i forhold til opvaring siden..
The evolution of industrial-era warming across the continents and oceans provides a context for future climate change 
and is important for determining climate sensitivity and the processes that control regional warming. Here we use post-
ad 1500 palaeoclimate records to show that sustained industrial-era warming of the tropical oceans first developed during 
the mid-nineteenth century and was nearly synchronous with Northern Hemisphere continental warming. The early 
onset of sustained, significant warming in palaeoclimate records and model simulations suggests that greenhouse forcing 
of industrial-era warming commenced as early as the mid-nineteenth century and included an enhanced equatorial 
ocean response mechanism. The development of Southern Hemisphere warming is delayed in reconstructions, but this 
apparent delay is not reproduced in climate simulations. Our findings imply that instrumental records are too short 
to comprehensively assess anthropogenic climate change and that, in some regions, about 180 years of industrial-era 
warming has already caused surface temperatures to emerge above pre-industrial values, even when taking natural 
variability into account


We compare the ocean records to the continental-scale temperature reconstructions
and palaeoclimate databases developed in phase 1 of the PAGES 2k
project4, including the updated Arctic v1.1.1 reconstruction and database16. For
the North America region we use the tree-ring-based reconstruction, which has
decadal resolution, rather than the lower-resolution pollen-derived temperature
reconstruction. To avoid record duplication, all marine records were removed
from the PAGES 2k continental database before site-level trend analysis. We also
exclude the four instrumental records in the South American 2k database from
our site-level data assessment so that all information is derived solely from palaeoclimate
archives. At the level of regional temperature reconstructions, a small
degree of overlap exists in the contributing data used for some of the previously
published reconstructions. Specifically, 9 of the 28 records used for the Australasia
2k temperature reconstruction are also used for the tropical western Pacific SST
reconstruction, and 1 is used for the tropical Indian Ocean SST reconstruction.
To avoid any bias introduced by data overlap, we use a terrestrial-only Australasia
2k reconstruction that was produced using the same methodology as the original
reconstruction4, but excludes any of the marine geochemistry records that are
used in the Ocean2k high-resolution reconstructions. Details of this terrestrialonly
reconstruction, and the reconstruction data and statistics, accompany this
paper as Supplementary Data 1. The terrestrial-only reconstruction demonstrates
close agreement with the original Australasia 2k reconstruction and none of the
interpretations presented here is altered by using the original reconstruction
instead of the terrestrial-only version.
Matlab data structures containing the site-level proxy data and regional


2012-2016

Global Temperature Anomalies averaged from 2012-2016 in degrees Celsius; baseline period: 1951-1980.
(NOAA,; Visualizations by Lori Perkins Released on January 18, 2017).
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Significance of the atmosphere:
winds, clouds, greenhouse gasses, aerosols
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Example: aerosol impact on climate
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Example: aerosol impact on climate
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Indirect effect

R H > ] OO% NASA SClence Files™

Radiative properties, cloud lifetime, precipitation
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Role of Pillar 1 within iIClimate

State of the art atmospheric physics and
chemistry modeling tools

Atmospheric processes: physics, chemistry, \

biology and aerosol formation

Field experiments, laboratory experiments,
measurements and monitoring data of
chemistry, physics and biology

Past climate and dynamics

Improved quantification of agricultural
greenhouse gas emissions and mitigation
options

Effect of climate change on agricultural
production and associated environmental
impacts and the possibilities for adaptation

iClimate —

Future energy optimization modelling and the
transition to renewable energy sources

Climate solutions both for the private and the
public sectors for decision support and policy
development, based on combined research
from natural and social sciences




EXTRA SLIDES, NOT USED



stationary wave feedback ‘
—
T ‘ P Y >~
= - - _ {_‘\ N v
L= -
()] . i ( f (el N \7‘
g Y Jy 3 « (/‘ o '7\7\\’- N
-y atmosphere-ice sheet CJ}Y\J vy oD \
e s ___————____ interaction Coor e ".'_’,4_,/'-\,:;”;/{}
| x ¥ !
2%

albedo
ocean-atmosphere
[ interaction
A Ay %
v land-ice sheet dust
fubats s Sinteraction _

geothermal 10-=10
heatflux years

icebergs

interaction” _

subglacial lakes

Complexity of the Climate

System: Sun, ocean, ic
and volcanoes

BOLIN CENTRE

27 FEBRUARY 2017




.

The Atmosphere

km

130

120

110

100

90

80

70

60

50

40

30

20

Credit: NOAA: JetStream - Online School for Weather

Thermosphere

Mesopause

Mesosphere

Stratopause

Stratosphere

Troposphere

-80 -60 -40 -20 0 20 40 60
Temperature °C

Credit: NASA NSSDC's Photo Gallery


Presenter
Presentation Notes
Earth's average diameter:  12,742 km, 
Average distance from the earth's surface to the top of the stratosphere: only 50 km, less than 0.4% of the earth's diameter! 
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Interactions in the Climate System
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 Up to 200.000 tons of sea-spray aerosols are emitted from the oceans to the atmosphere every minute2 
Include here ageting and deposition, light Oxidation, radicals


Impact: Climate
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Radiative properties, cloud lifetime,
precipitation
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Arctic amplification
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NASA GISS temperature trend 2000-2009, showing strong Arctic amplification



Land & Ocean Temperature Percentiles Jul 2015
NOAA's National Centers for Environmental Information
Data Source: GHCN-M version 3.3.0 & ERSST version 4.0.0
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Arctic and Nordic
sites
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Departures in temperature (°C) from 1961-1990 average
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Sea ice 1979-2017, September

Sea Ice Extent, 13 Sep 2017

Average Monthly Arctic Sea Ice Extent
September 1979 - 2017
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Precipitation
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Trends in annual precipitation over land from the GPCC data sets for 1901-2010 and 1951-
2010. Source: IPCC 2013.



Global temperature 1880-2016
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FIGURE 23.21 Antropogenic CO2 enters the atmosphere from many sources. Since about 1900, natural sinks can no longer absorb it all.


Expected outcome of Pillar 1

A new state-of-the-art combined global air pollution and climate model to improve the scientific
understanding of the climate change and air pollution interactions; focus on understanding the
physics and chemistry of the atmosphere and the air-surface exchange.

New laboratory and field experiments methods targeted at providing detailed understanding of
key processes such as fluxes of climate gases, particle formation in different environments, gas
phase oxidation of volatile organic compounds, etc.

Experimentally based new climate change physical, chemical and (micro-)biological
parameterizations for incorporation in climate models and chemistry-transport models.

New validated model results based on the combined global air pollution and climate model,
iINncluding new experimentally determined parameterizations concerning the important processes
driving climate change.

Interaction with pillar 4 on the role and importance of Arctic in global change and the possibility
for requlation of short-lived climate forcers.

Detailed maps at global, regional and national scale of climate change related parameters as
well as the climate change pace (accelerating, moderate).

Scenario and sensitivity runs with the combined model showing the importance of the different
climate drivers and recommendations to stakeholders.



Main Objectives of Pillar 1: Climate Drivers

To understand the forcing and drivers of the climate system from
anthropogenic and natural origins at global, regional and national
scales:

-  How much and how fast is climate change evolving and what are
the main unknown processes with respect to the drivers of the
system?

- How is natural and human-induced forcings interacting?

. |Is climate change accelerating or is the development more
moderate?

-  How big is the climate challenge really for humanity?



Geographical differences

- I-\.J:i .-{ ¥ : _|.
o ¥ \T =08y Dg East —_2% ;
AP & v ; .
g7 RN RY Greenland™
- . Current
b p A
L T e o
— g OO A West 448 4
gt . B 3
ot 45 M, B SG Greenland e
Pt ? .S V| " rrga )
LA urrgn |
R s, >, 3
] [:ll’.llli_'lll‘ e
lifornia ~ Curfcdt 3. AL W
rrren (§ |='Il T i -] __Fr.-:'!*
N VL Ce M ST
/ ‘Gulfl Stream~ b e ¥ i b
I i i -f-"lw. i ‘.;; 15T .
r‘ﬂ".' .I'. / -4 4 III'
) ¥
T

_.:F A il '|||. g '.q ot
f(‘“.i nary {“‘u:r_gml;-n . ™
. § IL"I,
North Equnturla] “11 i
‘urrent 1:' -
ulneaCurrenl B i i

Bengucl:u £
Current

a—rn"'a ]
Br:uﬁ ;

AARHUS

UNIVERSITY

DEPARTMENT OF CHEMISTRY

11

i0

200 400 s00 BOD 1000 1200 1400 1600 1800 2000

MCA

LIA 7°
7
4 6
1 ] | Iiil
i I : [ ” >
II-I i Il
N. Newfoundland



	iClimate�Pillar 1: Climate Drivers
	Understanding Climate Change �– What, Why, Where and When ?�
	Objectives of Pillar 1: Climate Drivers
	Global air temperature 1880-2016
	Slide Number 5
	Onset and magnitude of industrial-era warming in regional temperature reconstructions, paleoclimate records
	Slide Number 7
	Slide Number 8
	Example: aerosol impact on climate
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Role of Pillar 1 within iClimate
	Extra slides, not used
	Complexity of the Climate System: Sun, ocean, ice, atmosphere and volcanoes 
	The Atmosphere
	Slide Number 17
	Slide Number 18
	Aerosols
	Impact: Climate
	Indirect Effect
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Arctic and Nordic sites
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Trends in annual precipitation over land from the GPCC data sets for 1901–2010 and 1951–2010.  Source: IPCC 2013.
	Global temperature 1880-2016
	CO2 i atmosfæren���Data fra �Antarktiske �iskerner
	Slide Number 33
	Expected outcome of Pillar 1
	Main Objectives of Pillar 1: Climate Drivers
	Geographical differences

