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Greenland, 2019 {&c} CENSE Nova

Greenland is
currently the
biggest contributor
to global sea level
rise.

Nearly 70% of Earth’s
population lives within
100 miles of a coast, and

vast amounts of
T o SRR L = infrastructure— airports,
fgine A A foaie PLT - ports, cities, roads,
ST R e TS S T | Internet cables—sits in
N R e PR s | zones that could flood
P X 2 s within decades.

Huge chunks of:i ice break off the Jakobshavn glacier in Western Greenland.
PHOTOGRAPH BY JAMES BALOG NAT GEQ@ IMAGE COLLECTION
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The total elevation of the global mean sea level over the altimetry era (since January 1993)

has reached 90 mm. (Data source: European Space Agency Climate Change Initiative sea-level data until December 2015,
extended by data from the Copernicus Marine Service as of January 2016 and near-real-time Jason-3 as of April 2019)

1997-2006 2007-2016
Sea-level rise Sea-level rise
3.04 mm/yr 4.36 mm/yr
o (gfliacierf 0 g‘:arﬂ?nr?yr Antarctic
.56 mm/yr .
Thermal expansion Antarctic - 0.47 mmiyr
1.34 mm/yr
__0.05 mmyyr Thermal expansion
1.47 mm/fyr
Greenland
0.41 mm/yr Greenland
0.93 mm/yr
Land water Land water
0.44 mm/yr 0.85 mm/fyr
(WMO, 2019)

Figure 6. Contributions by different components to the rate of global mean sea-level rise during the
periods 1997-2006 (left) and 2007—2016 (right).

Data source: European Space Agency Sea Level Budget Closure Project (v2 version). The observed rates of global mean sea-level rise
are shown in the upper left corners. The difference between the sum of the various contributions and the observed values indicates
errors in some of the components or contributions from components missing in the sea level budget computation. 3
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https://twitter.com/gdimeweather/status/1148230185432563713
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Flooding has affected more than 2.5
million people in eastern Africa since

B July 2019

Number affected in thousands

Sudan
364

A \J(
South Sudan“\

Communities already hit by war and drought face floods disaster as 370,000
displaced in camps
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Indian Ocean dig

Temperature changes in the Indian Ocean lead to extreme
weather events in Australia and east Africa
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In a warming world
the western Indian
Ocean heats up more
than the eastern
Indian Ocean

sen,
iy,
.
)

Warmer than
normal sea
temperatures

Atmospheric
circulation and rainfall
distribution are
altered by the
difference in these
two ocean
temperatures

Indian Ocean

Cooler
air and
less rain

Cooler than
normal sea
temperatures

2

Rising warm, moist air
in the west leads to
rainfall that can cause
devastating floods in
east African countries

3

Altered
atmospheric
and rainfall
distribution

Drought

3

Less warm air rises in
the eastern Indian
Ocean because the
waters are cooler -
this results in less
rain, causing drought
and extreme fire
conditions in Australia

— Guardian graphic. Source: The Commonwealth Scientific and Industrial Research Organisation

DE LISBOA

“... research suggesting that Indian
Ocean dipole events have become
more common with the warming in
the last 50 years, with climate
models suggesting a tendency for
such events to become more
frequent and becoming stronger,”
Caroline Ummenhofer, scientist at
Woods Hole Oceanographic
Institution in Massachusetts (2019).



UNIVERSIDADE

Australia, November 2019 ¥t§ CENSE NOVA

Early bushfire season across
several states. At one point
firefighters were battling a fire
front about 6,000km long.

Driven by the amount of dry fuel
available, which is linked to the
record-breaking drought.

Rainfall between Jan and Aug
2019 was the lowest on record
In some areas, with record low

soil moisture. As temperatures
and wind speeds increased but

humidity remained low,

conditions were primed for small

A Firefighters tackle the Gospers Mountain fire outside Sydney. Parts of eastern Australia have had record low : :
rainfall in 2019, contributing to an unusually ferocious early bushfire season. Photograph: Dean Lewins/EPA flreS to become major

conflagrations.
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Wildfires

Weather and wildfires in California
May-Oct. anomalies relative to 1981-2010

~ Seasonal index of drought (Palmer-Z)
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16.5 US$ bn losses/one event:

The "Camp Fire" in California was the
costliest natural disaster in 2018 and the
most destructive forest fire of all time -
Insurers paid out US$ 12.5bn

Data: National Centers for Environmental
Information / NOAA / California Department of
Forestry and Fire Protection.

Graphic: Munich Re

8



UNIVERSIDADE

NOVA

DE LISBOA

Coral bleaching Yt} CENSE

About 1/5 of the world's coral reefs have already been lost or severely damaged. Another 35% could
be Iost\ within 10- 4dears twice the pace of rainforest decline. Great Barrier Reef suffers 89% collapse in
after the climate change mdgced mass bleaching of 2016 and 2017.
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clear trend of decreasing average pH, caused by increased concentrations of CO, Iin

wvarnnt
seawater

451

pCO, (patm)
pHTOT (n situ)

8.06

8.04

8.02

1985 1390 1995 2000 2005 2010 2615 2020
Year

1985 71990 1995 2000 2005 2010 2015 2020
Year

. _ (WMO, 2019)
The ocean absorbs around 30% of the annual emissions of anthropogenic CO, to the

atmosphere. Absorbed CO, reacts with seawater and changes the acidity of the ocean.
The decrease in seawater pH is linked to shifts in other carbonate chemistry parameters, such as the
saturation state of aragonite, the main form of calcium carbonate used for the formation of shells and

skeletal material.
Overall increase of 26% in acidity of oceans since the beginning of the industrial revolution. 5
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Flood

June-July 2016, China - flood
At least 310 deaths and US$ 14 billion in economic losses were attributed to the floods
across the season

August 2017, India (north-east); Bangladesh; Nepal - flood
At least 1 200 deaths were reported across the three countries, and 40 million people
were affected in some way, with the spread of waterborne disease a significant factor

August 2017, Sierra Leone - landslide
Major destruction and an estimated 1 102 death

June-July 2018, Japan - flood
At least 245 deaths were reported, along with 6 767 houses destroyed.

August 2018, India (Kerala) - flood
1.4 million people were displaced and 5.4 million affected in some way. At least

223 deaths were reported, with economic losses estimated at US$ 4.3 billion
(WMO, 2019)

11
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Heatwave

May and June 2015, India; Pakistan - heatwave
2 248 deaths were reported due to the heat in India, and 1 229 in Pakistan

Summer 2015/16, South Africa — heatwave
There were numerous heatwaves in South Africa during the 2015/16 summer. Pretoria
broke its previous record high temperature on three separate occasions

Summer 2015 and 2018, Europe — heatwaves
In France 3 275 and 1 500 excess deaths were attributed to the heat in 2015 and 2018,
respectively

Summer 2018-19, Australia — heatwave
Hottest summer on record for Australia. There were also significant heatwaves in the
2016/17 and 2017/18 summers, especially in New South Wales

June-July 2019, Europe - heatwave

Two major long and extended heatwaves recorded in Europe in June-July 2019 with

national records broken in many countries. In southern France a national record for any

month of 46.0 °C was observed. The heat dome spread northwards through Scandinavia (WMO, 2019)

and towards Greenland where it accelerated the already above-average rate of ice melt .



UNIVERSIDADE

Extreme weather events 2015-2019 %t} CENSE NovA

Drought

2015/16, Northwest South America; Central America; Caribbean — drought

Drought associated with the 2015/16 El Nino affected many parts of northern South
America, Central America and the Caribbean. Rainfall averaged across the Amazon
basin in Brazil in 2016 was the lowest on record

2015-2018, Africa — drought

Severely depleted water supply storages occurred in Cape Province of South Africa,
leading to Cape Town to potentially run out of water during 2018. This followed severe
drought in many parts of southern Africa in 2015 and 2016, following poor rainy seasons
in 2014-2015 and 2015-2016. In east Africa in 2016-2017, 6.7 million people in Somalia
were experiencing food insecurity at the drought’s peak, decreasing to 5.4 million by
the end of 2017 as conditions eased

2017-2019, Australia (mostly eastern) — drought
There were significant agricultural losses, as well as large-scale fish deaths after the
Darling River ceased to flow

October 2017 — March 2018, northern Argentina; Uruguay - drought
There were heavy losses to summer crops with agricultural losses estimated at
US$ 5.9 billion

2018, Europe (northern and central) - drought
There were heavy agricultural losses across numerous countries, and low flows in the (WMO, 2019)

Rhine severely disrupted river transport, causing significant economic losses
13
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DIRECT MEASUREMENTS: 2005-PRESENT

Data source: Monthly measurements (average seasonal
cycle removed). Credit: NOAA

October 17, 2019 |
411.93 ppm
410 I

405
Growth rate of concentration of

400 carbon dioxide in atmosphere:

395
1960-1970: less than 1 ppmly,

390

CO2 (parts per million)

Currently: 2.43 £ 0.26 ppmly

285 (mean * 2 std dev)

380

2006 2008 2010 2012 2014 2016 2018 2020

Industrial Revolution, 19t century: 280 ppm. .
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Table 1. Concentrations of CO, (ppm), CH, (parts per billion, ppb) and N,0 (ppb), their growth rates
(ppm/year for CO,, ppb/year for CH, and N,0) averaged over 2015-2017 and 2011-2015, the relative
change in growth rates between 2011-2015 and 2015-2017, and the percentage of 2015-2017
concentration to pre-industrial concentration (before 1750). Source: WMO Global Atmosphere Watch

2015-2017
2015-2017 | 2011-2015 % to pre- 2015-2017 2011-2015 % change
industrial
CQO,

403 395.5 145 2.6 2.2 +18%
CH, 1851.7 1826.4 256 8.7 7.2 +21%
N,O 329.1 326.2 122 0.87 0.73 +19%

(WMO, 2019)

GLOBAL TEMPERATURE CONTINUES TO RISE: 2015-2019 IS THE WARMEST FIVE-YEAR
PERIOD

= The average global temperature: 1.1 £ 0.1 °C above pre-industrial (1850-1900) level, is therefore likely to be
the warmest of any equivalent period on record. It is 0.20 £ 0.08 °C warmer than the average for 2011-2015

= The global mean land-surface temperature: 1.7 °C above pre-industrial and 0.3 °C warmer than 2011- 2015.

= The global mean sea-surface temperature: 0.8°C above pre-industrial and 0.13 °C warmer than 2011-2015.
15



UNIVERSIDADE

Paris A Y%} CENSE Nova

DE LISBOA

Conférence sur les Changements Climatiques 2015

COP21/CMP11

Paris_France S
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GOAL: avoid serious changes in the climate systems, limit the increase of global
temperature well bellow 2° C

TARGET: achieve the balance between anthropogenic emissions by sources and removals

by sinks of greenhouse gases in the second half of 21st century (Art® 4.1) — CARBON
NEUTRALITY
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carson Global Fossil CO, Emissions

PROJECT

Global fossil CO, emissions: 36.2 + 2 GtCO, in 2017, 63% over 1990
® Projection for 2018: 37.1 + 2 GtCO,, 2.7% higher than 2017 (range 1.8% to 3.7%)

Global Fossil CO, Emissions

cO, | 2010—17/ N
+1 _OO/O/yr Projection 2018
o 37.1 Gt CO,
A 2.7% (1.8%-3.7%)

35

2000-10

3%y /
30 -

1990-2000
+1.1%/yr
25 1 - Uncertainty is £5% for
JA\_/ one standard deviation

/ (IPCC “likely” range)

20 |7[ T T T T T 1
1990 1995 2000 2005 2010 2015 ‘.18t .
rojecte
@® Global Carbon Project e Data: CDIAC/GCP/BP/USGS e

Estimates for 2015, 2016 and 2017 are preliminary; 2018 is a projection based on partial data.
Source: CDIAC; Le Quéré et al 2018; Global Carbon Budget 2018



http://cdiac.ornl.gov/trends/emis/meth_reg.html
https://doi.org/10.5194/essd-10-2141-2018
http://www.globalcarbonproject.org/carbonbudget/

GLOBAL

c :R?o ~n  Emissions Projections for 2018

PROJECT

Global fossil CO, emissions are projected to rise by 2.7% in 2018 [range: +1.8% to +3.7%]
The global growth is driven by the underlying changes at the country level.

Fossil CO, Emissions and 2018 Projections , ,
Gt - Projected Gt CO. in 2018

Projected global emissi wth: +2.7% (+1.8% to +3.7%
002 rojected global emissions gro + (+ 0+ ) , 3 All others 15.3
A 1.8% (+0.5% to +3.0%)

12 1
China 10.3
A 4.7% (+2.0% 10 +7.4%)
8 _
USA 5.4
A 2.5% (+0.5% to +4.5%)
4 EU28 3.5
¥ 0.7% (-2.6% to +1.3%)
India 2.6
A 6.3% (+4.3% to +8.3%)
0 e e S — | | |
1960 1970 1980 1990 2000 2010 2018

projected
@® Global Carbon Project ¢ Data: CDIAC/GCP/UNFCCC/BP/USGS

Source: CDIAC; Jackson et al 2018; Le Quéré et al 2018; Global Carbon Budget 2018



http://cdiac.ornl.gov/trends/emis/meth_reg.html
https://doi.org/10.1088/1748-9326/aaf303
https://doi.org/10.5194/essd-10-2141-2018
http://www.globalcarbonproject.org/carbonbudget/
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carson Fossil CO, Emissions by source

Share of global fossil CO, emissions in 2017:
coal (40%), oil (35%), gas (20%), cement (4%), flaring (1%, not shown)

Annual Fossil CO. Emissions by Category

16 Gt
CO: Coal 14.6 A 1.0%
Gt CO;in 2017
Oil 12.6 A1.7%
12 -
8 |
Gas 7.2 A3.0%
4 -
Cement 1.5 A12%
0

1960 1970 1980 1990 2000 2010 17

Source: CDIAC; Le Quéré et al 2018; Global Carbon Budget 2018



http://cdiac.ornl.gov/trends/emis/meth_reg.html
https://doi.org/10.5194/essd-10-2141-2018
http://www.globalcarbonproject.org/carbonbudget/
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@ All the World’s Coal Power Plants in One Map ® Closing @ Operating ® New @ Under construction @ Planned

> 2018: 2,024,100 MW

1,

B
y

Source: visualcapitalist.com




@ All the World’s Coal Power Plants in One Map ® Closing ® Operating ® New @ Under construction @ Planned

Future: 1,783,292 MW 232,133 MW 306,651 VI\W/
+15%/2018 A4 -
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e ® Global Fossil Fuel Subsidies Remain Large
Since 1965, it's estimated ¥ (IMF, May 2019)
over 1.35 million metric | S E—— = )
tons (MtCO.e) of
greenhouse gases have
been released into the
atmosphere—and over a The largest subsidizers in 2015:
third can be traced back _‘ China ($1.4 trillion)
to just 20 companies. P, T o 4 ; United States ($649 billion)
- — Russia ($551 billion)

National il Co.

2015: $4.7 trillion (6.3% of global GDP)
2017: $5.2 trillion (6.5% of GDP).

xxxxxx
uuuuuuuuuuuuuu

L — European Union ($289 billion)
India ($209 billion)

1965-2017:
1,354,388 MtCO.e

..........

Efficient fossil fuel pricing in 2015 would have
lowered global carbon emissions by 28% and
fossil fuel air pollution deaths by 46%, and
Increased government revenue by 3.8% of GDP

Working Paper No. 19/89

AAAAAAAAAA
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The Intelligence .
Economist Unit Table 1-Value atrisk

VaR due to climate Mean 5°C 6°C
THE COST OF change (average)
INACTION:
RECOGNISING Present value from the US$4.2trn US$7.2trn US$13.8trn
THE VALUE AT perspective of a private investor
RISK FROM Present value from the US$13.9trn US$18.4trn  US$43.0trn
CLIMATE CHANGE perspective of a government
(2015)
Table 2 - Percentage reduction in risk should warming be kept within 2°C
VaR due to climate Mean 5°C 6°C
change (average)
The perspective of 50% 63% 76%

a private investor

The perspective of 57% 71% 85%
a government
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What future?

Climate Change
Impacts on
Children’s Health

EXTREME WEATHER: Climate change increases the
amount and severity of storms. Extreme weather can impact
sanitation and sewer systems. This increases the risk of water-re-
lated and gastrointestinal illnesses. Children are especially
susceptible to such conditions due to their developing im-

mune systems. Injury and mental health impacts are also
common among children exposed to extreme weather.

EXTREME HEAT: Climate change is increasing the
frequency and intensity of extreme heat events.
Children are less able than adults to regulate their body
temperature. Thus, they are more vulnerable to changes
in temperature. Compared to adults, extreme tempera-
tures have led to more heat-related illnesses and deaths
among children, especially infants.

VECTOR-BORNE DISEASE: Insects and rodents
that carry viruses respond quickly to changes in
temperature and moisture, which can increase their
growth and duration. Children are at risk for vector-borne
illnesses due to their increased outdoor activity. They are
also susceptible due to their developing immune
systems. Lyme disease, hantavirus, dengue fever,
and Zika virus are among the climate-related
vector-borne diseases that pose a heavy health
burden on children. == I,
POOR AIR QUALITY: Cli Stunteg G A

: Climate change B g =gm
extends the warm season and lengthens N h [ W '
pollen season. It also increases the amount r h -
of airborne pollutants in the environment. i) i
Pollutants and pollen can have chronic I. /me Dl c
impacts on children’s respiratory health, : .y
triggering allergies and asthma. ' ‘an\ ’

FOOD INSECURITY: Given changes in

the weather due to climate change, GaSerin_tL %

Zila

crops will be affected by droughts DIS(. aoll -
and flooding. Climate change also alters L
the nutrient quality of food. Together, these Starva uon

impacts could reduce access to food and
nutrients. Poor nutrition can result in devel-
opmental delays and adverse health outcomes
for infants and children.

-
haill

Allergies

e ’ 1\PHI\ American Academy G\
g of Pediatrics
AMERICAN PUBLIC HEALTH ASSOCIATION DEDICATED TO THE HEALTH OF ALL CHILDREN®
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It was early August, and Logan attended his
junior high school basketball practice. The
intensity of the drills was matched only by the
temperature of over 100°F (37,8°C) inside the
unairconditioned gym.

As practice progressed, Logan became dizzy
and eventually collapsed. He suffered heat
stroke and developed life-threatening
complications. After a week in the hospital,
Logan returned home.

Heat stroke is becoming more common among
young athletes. Heat illness is now the top
cause of death and disability in high school
athletes (USA).

Jonesboro, Arkansas

(Logan’s story: http://ksi.uconn.edu/personal-
stories/logan-johnsons-story/)

CLIMATE ~ ecoAmerica
for HEALTH. building climate leadership
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Relevant loss events worldwide January — June 2019

Geographical overview
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Munich RE

severe storm' tomado .....................................................
23 - 26 Feb, United States, Canada
Overall losses: USS 1.6bn 2

Insured losses: USS 1.1bn ~. »

sevore storm. “ood T
12 - 17 Mar, United States
Overall losses: USS 3bn

Insured losses: USS 0.8bn ™

Tornado, severe storm

17 - 31 May, United States
Overall losses: USS 3.3bn
Insured losses: USS 2.5bn

@ Geophysical events
Earthquake, {sunami,

Source; Munich Re, NatCatSERVICE, 2019

Meteorological events
Tropical storm, extratropical storm,
volcanic activity convective storm, local storm

Severe storm, hail

10 - 12 Jun, Europe
Overall losses: USS 1bn
Insured losses: USS 0.8bn

Winter Storm Eberhard = o
9 - 11 Mar, Europe
Overall losses: US$ 1.2bn : :
Insured losses: USS 0.9bn : :

pinepiiiiant = Flood, flash flood
' . 17 Mar - 9 Apr, Iran
Overall losses: USS 2.5bn
Fatalities: 78

- Cyclone Fani

3 - 5 May, India, Bangladesh
Overall losses: US$ 2.2bn
Fatalities: 106

osime i, Ear‘hquake
i 17 Jun, China
Overall losses: USS 1.3bn

: "--'Cycbone Idai @@= A e c ...... < Flood
9 - 14 Mar, Malawi, 26 Jan —~ 10 Feb, Australia
Mozambique, Scuth Overall losses: USS 2bn
Africa, Madagascar, Zimbabwe )’ Insured losses: USS 0.9bn
Overall losses: US$ 2bn
Fatalities: 1,013

Hydrological events
Flood, mass movement

Climatological events (O Significant catastrophes

Extreme temperalture, © Small, medium and large loss events
drought, wildfice

26




