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Introduction to Climate Change



../Climate Change and its Impacts_Videos/An introduction to climate change in 60 seconds.mp4

Learning Objectives

At the end of this module, participants will be able to

* Describe the science behind climate change;
« Know about natural and human-induced climate change; and

» Describe the impacts of climate change.



Weather vs. Climate

It's a Jungle out there! www . hagencartoons.com By Hagen

I DON'T KNOW WHY
YOU BOTHER LISTENING
TO THE WEATHER FORECAST
EVERY DAY:

IT'S ALWAYS THE SAME...

— — -

HAGEN@® 2008




Weather

The state of atmosphere at
a given time and place
measured in terms of
variables  that include
temperature, precipitation,
cloudiness, humidity, air
pressure and wind.

Climate

The long-term average
of conditions in the
atmosphere described
by statistics, such as
means and extremes



Climate Change

Climate Change is defined as statistically significant variation
in either mean state of the climate or in its variability,
persisting for an extended period (typically decades or
longer).

Climate change may be due to natural internal processes or
external forcing or to persistent anthropogenic changes in

the composition of the atmosphere or in land use (IPCC,
2001).
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Climate Change (NOAA Definition)

Climate change is a long-term shift in the statistics of the weather
(including its averages).

For example, it could show up as a change in climate normal’s
(expected average values for temperature and precipitation) for a
given place and time of year, from one decade to the next.



Why is the Climate Changing??
Natural Variability

Climate change is a normal

part of the Earth’'s natural ’..“:;t,: xS CAD e

variability, which is related to =~ = W A
interactions among  the . et s
atmosphere, ocean, and . s {7
land, as well as changes In
the amount of solar radiation
reaching the earth.

US Environment Protection Agency



Human Induced Change

Greenhouse Gases

* Carbon dioxide (CO,) and water vapor (H,0), trap heat in the
atmosphere causing a greenhouse effects

* Burning of fossil fuels, like oil, coal, and natural gas is adding CO, to
the atmosphere.

The AR4 of the Intergovernmental Panel on Climate Change (IPCC)
concludes, “that most of the observed increase in the globally averaged
temperature since the mid-20th century is very likely due to the
observed increase in anthropogenic greenhouse gas concentrations.”




The negative impacts of climate change on the environment and human beings by the end
of the 21st century, unless we do all we can to reduce greenhouse gas emissions.
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CLIMATE DESTABILISATION

The average The arctic Coastal areas of Britain Affects on the UK '\ Melting Glaciers
¢ t Zealand Himalayan glaciers will be significantly reduced
m“: :'::!::1?; :::mm.:w / by 2050 putting the water source of billions of

peaple at risk. South America and the Alps will
also see glackers retreat

Heatwaves Sea Level Rises
Extreme rises in temperature Seas vels coudd rise by as Oceans will acidity as a result
across the world. New York mech as 80cm by the end of of absarbing carbon diexide.
could see summer . the century. Combined with Ocean aciditication in the
temperatures above 50°C o storm surges coulid pose Arctic could destroy
and London could reach a serious threat to the ecosystems by killing plants
40°C kiling thousands Netherlands and South and animals, and dissolve the
of people East UK shalls of mussels and
other shesfish
Food Shortage Forest fires i : Water Shortages Carbon Cycle
Maize and wheat yields reduction A rise in temperature o Availability will be imitedto a Draought events accur twice Rising temperatures and
of 40 per cent in Africa, pushing will cause large areas of further one billion peopie by 2080. as frequontly across co2 will resutt In "feed back"
many states towards starvation. the Amazon to be lost, River flow will be reduced in the southern Africa, South East - the release of even more
Rice yields to fall by 30 per cent southern Europe, ‘ Mediterranean, southern Africa Asia and the Mediterranean greenhouse gases. The
in Asia. Droughts in the South Australia and the US and large areas of South America. basin. The UK is also more melting permafrost in the
East will make It gfficult to grow will also suffer more Water metering will be likely to see droughts in Arctic will release methane
crops inthe UK forest fires implemented in the UK the summer into the atmosphere KEY
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2012 Significant Climate Anomalies and Events

Near average activity:
17 storms, 10 hurricanes.

Arctic-Sea Ice Extent
During its melt sgason, the Arclic reached

Alaska gt its Iowest sea ice-axtent on record. -Bufing
Anomalously-cool conditions affected = I3 growll seasglh the Arctic rpeictied its
the state during January, fesuling in 5 ninth Jowest maximum sea’ice extent Since
the coolest January inthe 95-year = e g [Beslde Deganiin, 9756
record for he state, ¢ Sar United Kingdom
) Canada £ * After experiencing dry conditions during
. Experienced its warm 5;19":';'” 5m°:-‘/ e first three months of the year, the

. national records bega

L /f
United States 4 bl
Nearly two-thirds of the us U

Eastern North Pacific was in drought 2012. The Palmer .
Hurricane Season Drought Seve percent in June 2012 _Hurricane Sandy
was the lai nce December 1856. ~ QOctober 220314

Maximum winds - 175 km/hr

Sandy caused significant damage to
infrastructure, roads, and thousands

of homes across parts of the Caribbean,
claiming nearly 80 lives. Sandy also
impacted the LS., prompting severe
floods across the northeast and resulting
in over 130 fatalities.

ge
The 2012 drought resulted in a multi-billion-dollar
agricultural disaster.

Hurricane Carlotta____
June 14165 O

Maximum winds - 175 km/hr Peru & Brazil

Heawy: rains during theirrainy season triggered

remainder of the year was wet, resuliing in
the second wettest year on record, behind

Europe experienced al unl.l !

leading to extreme drought.can
craps, watsr supplles and humaﬁ! h

Wi

Mai

4 Russian Federation T
Experienced its second warmest summer,
behind the record-breaking summer of
2010. -
Eurasia i
ost of the Eurasian continent during mld—January Ihrough fﬂld—

(™
B,

provinces expedenced severe droﬂght
during the winter and spring 2012
Nearly 8.6 million people were affected

Devastating flood: |rr|pé‘s{ + and over 1 million hectares of cropland

Typhoon Sanba

TMOSE,
D ETHOS:

Western North Pacific

Typhoon Season
Near average activity:
23 storms, 13 typhoons.

during September 2012 Quer Smillion) ~damaged. September 10th—1g%

people were\affected, with'more than ===/ - Maximum winds - 280 km/hr

460,000 houses damaged or'destioyed. . q__ The strongest cyclone, globally, in 2012,
- India \ Sanba impacted the Philippines, Japan, and

g Rainfall during the pre-ménsoon
2012 season was the Jowest since
1901.

the Korean Peninsula, dumping torrential rain
and triggering floeds and landslides that affected
thousands of people.
-

Typhoon Bopha
November 25%—December gt
Maximum winds - 260 km/hr

Carlotta was the easternmaost landfalling
hurricane in the North Pacific since 1966.

floods and landslides across parts of Peru and
Brazil. The heavy downpaurs cabsed the Amazon

River ta surpas: torical records.

Season

Above average activity:

Atlantic Hurricane

North Indian Ocean

Bopha struck the southern Philippine
__island of Mindanac in early December.
" Bopha was the strongest cyclone to make!
landfall in the area. More than 800
residents were killed and nearly 600

El Nifio-Southern Oscillation (ENSQ)
ENSO began 2012 in a cold phase (La Nifia), transitioning to
neutral conditions by April.

Cyclones Maximum
Wind Legend

63-118 km/hr

119-153 km/hr

154-177 km/hr

178-209 km/hr

~ 210-249 km/hr

> 249 km/hr

Brazil

Severe drought affected northeastern Brazil,
the worst in 50 years. Over 1,100 towns were

affected,

Argentina
Extreme rainfall-severely affected
Buenos Ajres province during August
2012, producing severe flooding. Monthly
totals broke historical records in several
locations.

Cyclone Season
Below-average activity:
2 storms, O cyclones.

19 storms, 10 hurricanes. Australian Cy¢lone Season

Below-average activity:
8 storms..2-cyclones.

Cyclone Anais ot
October 12—1g™ g
Maximum winds - 185 km/hr

Anais was the second earliest tropical cyclone
to form so early in the season after Tropical | during 2012. Western Australia had
Cyclone Blanche in 1969 and was the firstintense | Its third driest April-October on
cyclone on record for the month of October. | record.

- Australia
" Australia had near-average rainfall

Southwest Indian Ocean
Cyclone Season
Above-average activity:

Global Tropical Cyclone Activity 11 storms, 3 cyclones,

Near average activity:
81 storms
38 hurricanes/typhoonsicyclones

Antarctic Sea Ice Extent
Fourth largest sea ice extent during its melt season. During jts-growth season,
the Antarctic sea ice extent reached its largest sea ice extent since records
began in 1878.

were missing.

Cyclone Evan-

December 9'-2

Maximum winds - 230 km/hr

Evan was the worst tropical cyclone to affect
Samoa since Tropical Cyclone Val in 1991,
Evan is also the costliest tropical cyclone

for Samoa

Southwest Pacific
Cyclone Season
Below-average activity:
3 storms, 1 cyclones.




Selected Significant Climate Anomalies and Eventsin 2016

EUROPE

Europe experienced its 3 warmest year, behind only
2014 (record warm) and 2015 (2" warmest), making
the past three years the three warmest in the 107-year
continental record. The average winter (Dec 2015-Feb
2016) temperature was record high.

ARCTIC SEA ICE EXTENT

During its growth season, the Arctic had its smallest
annual maximum extent for the second year in a row.
During its melt season, the Arctic reached its 2™
smallest minimum extent on record (tied with 2007).

CANADA

A wildfire destroyed large parts of Fort
McMurray (Alberta) in early May and
became the costliest natural disaster
in Canada’s history.

TYPHOON LIONROCK

(Aug 16"-31%)

Lionrock impacted northeastern areas of the
Democratic People’s Republic of Korea (DPRK),
ASIA where rainfall of up to 320 mm in four days led
Asia observed its 3™ warmest year on record, to catastrophic flooding and 133 fatalities.
behind 2015 (record warmest) and 2007 (2"
warmest). Apr, Aug, and Sep were each record

ALASKA
2016 was the warmest year
for the state since records

warm, while Oct and Nov were both cooler

began in 1925.
= than their long-term averages.

éAST ASIA

A cold wave in late Jan impacted
parts of East Asia. In southern
China, Guangzhou recorded its
first snow since 1967 and
Nanning its first since 1983. A
low temperature of 3.1°C was
observed at the Hong Kong
Observatory, the 6" lowest
temperature on record at that

NORTH AMERICA

2016 was the warmest year for North America since
continental records began in 1910, surpassing the
previous record set in 1998.

ATLANTIC HURRICANE SEASON
Above-average activity. 140% of normal ACE.
15 storms, 7 hurricanes.

CONTIGUOUS UNITED STATES
2016 was the 2" warmest year on
record for the contiguous U.S. Every
state was warmer than average.

EASTERN NORTH PACIFIC
HURRICANE SEASON

Above-average activity. 144% of normal ACE.

21 storms, 11 hurricanes.

/HURRICANE MATTHEW
(Sep 28" - Oct 9t)

Matthew was the first Category
5 hurricane in the North Atlantic
since Felix in 2007. The storm

/MIDDLE EAST

On Jul 21%, according to preliminary

reports, a temperature of 54.0°C was

recorded at Mitribah, Kuwait. Upon
verification, this will be the highest

INDIA
On May 19%, Phalodi, India reached a
temperature of 51.0°C, becoming the

location.

WESTERN PACIFIC OCEAN
TYPHOON SEASON

Average activity.

s o e 2ss e R Bl highest temperature on record for the | 26 storms, 13 typhoons.

TROPICAL STORM DARBY majorly impacted Haiti, Cuba, country.

(Jul 11%-26) th ej Ba%amg‘:, S TsrE e Jul 22", Basra, Iraq, reached 53.90°C Ty

Tropical Storm Darby was the second southeastern U.S. More than and Delhc_vran, Iran reached 53.0°C, | NORTH INDIAN OCEAN SOUTH WEST PACIFIC OCEAN
tropical cyclone in the past three years 1,000 fatalities were reported 2zt bbb CYCLONE SEASON CYCLONE SEASON

to make landfall in Hawaii, and only the and thousands of homes and Near-average activity. Average activity.

5 storms, 1 cyclone.

SOUTH INDIAN OCEAN
CYCLONE SEASON

11 storms, 6 cyclones.
Below-average activity.
8 storms, 3 cyclones.

@ \
>4
AUSTRALIAN CYCLONE SEASON
Below-average activity. Lowest number of named AUSTRALIA

o o o H H h
storms since reliable records began in 1969. Australia observed its 4™ warmest
7 storms, 3 cyclones. year in its 107-year national record.

Tasmania was record warm. Nine of
the past 10 years (excepting 2010)
have been warmer than average
and 7 of the 10 warmest years have
occurred since 2005.

fifth landfalling cyclone there since
records began in 1949,

buildings were destroyed.

AFRICA

Southern Africa experienced two
consecutive poor rainy seasons,
with rainfall well below average in
both 2014-15 and 2015-16, leading
to serious drought and substantial
agricultural losses.

SOUTH AMERICA

Large areas of record warmth, particularly in the
north, and much-warmer-than average temperatures
resulted in the 2™ warmest year, behind only 2015,
since continental records began in 1910. Jan, Feb, and
Apr were each record warm.

ANTARCTIC SEA ICE EXTENT

During its growth season, the Antarctic had its 10" smallest
annual maximum. During its melt season, the Arctic reached
its 9t smallest minimum extent on record (tied with 2007).

Please Note: Material provided in this map was compiled from NOAA's State of the Climate Reports and international partners. For more information please visit: http://www.ncde.noaa.gov/sotc
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Climate Variability & Climate Change



What is the Climate System? The climate system Is
continually changing due to

the Interactions between

Consists of five major components: ha components as well

* The atmosphere as external factors such as
» The hydrosphere volcanic eruptions or solar
. The cryosphere variations and  human-

Induced factors such as
* Land surface changes to the atmosphere
* The biosphere and changes in land use.
(WMO)



What is Climate Variability?

Variations in the mean state and other statistics of the climate
on all temporal and spatial scales, beyond individual weather
events.

« Deviations of climatic statistics over a given period of time (e.g. a month, season
or year) when compared to long-term statistics for the same calendar period,;

« Variability may be due to natural internal processes within the climate system
(internal variability), or to variations in natural or anthropogenic external factors
(external variability).



What is the difference between Climate Variability and
Climate Change?

Climate variability looks at changes that occur within smaller timeframes,
such as a month, a season or a year, and climate change considers
changes that occur over a longer period of time, typically over decades
or longer.

A key difference between climate variability and change is in persistence
of "anomalous” conditions - when events that used to be rare occur more
frequently, or vice-versa.

(WMO)



Annual Global Average Temperature
1.0 : : . . : . .
Trend=0,72 ("C/Century)
Base Line : 1981-2010 Average

Anomalies are deviation from baseline (1981-2010 Average).
The black thin line indicates surface temperature anomaly of each year,
The blue line indicates their Bb-year running mean,

The red line indicates the long-term linear trend.

Temperature Anomaly (C)

Japan Meteorological Agency
_1.5 | | 1 | | | 1 | | | 1 |
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Source: https://ds.data.jma.go.jp/tcc/tcc/products/gwp/temp/fig/an_wld.png



Global Temperature Anomalies from 1880 to 2012

Source: NASA


NASA Global Surface Temperature/2012_GISSTEMP_update_withdates.mp4

Consequences of Climate Change



Present Consequences

Global climate change has already had observable effects on the
environment.

* Glaciers have shrunk, ice on rivers and lakes Is breaking up earlier,
plant and animal ranges have shifted and trees are flowering sooner.

« Past predictions by scientists are now occurring. loss of sea ice,
accelerated sea level rise and longer, more intense heat waves.

(NASA Vital Signs of the Planet)



Future Conseqgquences

* Change will continue through this century and beyond,;
* Temperatures will continue to rise;

 Variations in crop growing season,

« Changes In precipitation patterns;

* More droughts and heat waves;

« Sea level will rise 1-4 feet by 2100.

(NASA Vital Signs of the Planet)



What Changes Climate??



What changes have been observed so far In
climate?

« Warming of global climate is now unequivocal,

* Impacts includes, increasing air and ocean temperatures,
widespread melting of snow and ice, and rising sea levels;

* Most of the Increase In global temperature observed over
the past fifty years is very likely due to human emissions of
greenhouse gases.

Source: https://www.eea.europa.eu/themes/climate/fag/how-is-climate-changing-and-how-has-it-changed-in-the-past



How has climate changed?

Past climate has varied enormously on a variety of time-scales;

Past records demonstrate that global climate is sensitive to small but
persistent influences;

Global average temperatures have increased over the past century;

Changes consistent with an increase in global temperature have been
observed in many other components of the climate system.

Source: https://www.science.org.au/learning/general-audience/science-booklets-0/science-climate-change/2-how-has-climate-changed



10 Indicators Our Climate is Changing

1. AIR TEMPERATURES OVER LAND ARE INCREASING

2. AIR TEMPERATURES OVER OCEANS ARE INCREASING.
3. ARCTIC SEA ICE IS DECREASING.

4. GLACIERS ARE MELTING

5. SEA LEVELS ARE RISING.

6. HUMIDITY IS INCREASING

/. OCEAN HEAT CONTENT IS INCREASING

8. SEA SURFACE TEMPERATURE IS INCREASING

9. SNOW IS DECREASING

10.EARTH’S LOWER ATMOSPHERE TEMPERATURE IS INCREASING. Source: NOAA



Observations of Climate Change



Direct Observations
Global average sea level change

200

150

1900 1920 1940 1960 1980 2000

Year
From IPCC Assessment Report (ARS) (2014)



Mount Kilimanjaro

Feb. 17,1993  mmm)

February 21, 2000

Feb. 21, 2000 —

Credit: Jim Williams, NASA GSFC Scientific
Visualization Studio, Landsat 7 Science Team




Climate related Disasters on the Increase...
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Protracted displacement following disasters worldwide in 2014/2013

Country, disaster, start year, number of people still displaced

it IV Pakistan
. :q V' Attabad landslide
’Aquila and flood, 2010
M’ earthquake, 2,900 Japan
> 2009 Monsoon floods, 2012 Tohoku earthquake/tsunami |
16,000 31.000 5 and nuclear accident, 2011 ‘

230,000

United States ‘ f,’fc,'(‘,ﬁl aAl(::s:mg A

Superstorm Sandy, 2012 Y | 13100

el " Armenia
' Earthquake, 1988 :
18,500 Philippines
Haiti : ‘ a Sy =y — Typhoon Bopha/Pablo, 2012
Earthquake, 2010 S : , ?;:::;ﬁégyo:nﬂolanda 2013
. 64,700 Floods, 2012 " s 5

Gramalote landslide, 2010

| A, Up to 16,500 :
Colombia . k.

2,900 tnd )
i Vi ndonesia //
(X e _ m Sidoarjo mudflow, 2006 /
Tokwe-Mukorsi 13,000
. . floods, 2014 <
www.internal-displacement.org 20,000 | ,
IDMC data version 1 June 2015 * Mozambique
See Global Estimates 2015, annex C for listing of all events shown Floods, 2013 '
Note: Events with at least 9,500 people still displaced and/or further discussed in case studies are labeled 26,000 ; Papua New Guinea
All figures are rounded to the nearest 100 Manam volcano eruption, 2004
\ 15,000

The boundaries and names shown and the designations used on this map
do not imply official endorsement or acceptance by IDMC.

3 S Floods 9 Landsice Volcanic eruption
l monito}iné NORWEGIAN ;
centre REFUGEE COUNCIL Earthquake Y storm

Location of protracted situations recorded as ongoing in 2014/2015



Global displacement by type of hazard

Storms
B Floods
B Widfires
B War mass movemants
B Earthquakes
| Volcanic eruptdons
Extrame tempearamres
W Dry mass movements

Mote: figures rounded to nearest
1,000 or 100,000
Source: IDMC data as of 1 June 2015
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-HME- GROWING DEMAND (o, 2050)

» EARTH'S » FRESHWATER » Global water demand
WATER SUPPLY  BREAKDOWN gy pfosectgg ’:o d'mtea?ﬁe
some ue to
2.5% 70% - growing needs of
— freshwater is frozen in the icecaps of manufacturing, thermal
Greenland and Antarctica ene(gy generation, and
97.5%

— saltwater

What’s Happening in Asia?

60% mote food
globally, and 100%
more in developing
countries using
diminishing water
resources

» Over 60% of Asia-Pacific’s _ 3 ; s i , _‘:‘: PE - a i
popula::::wullbehvmqmaties y , 1 e ) _ Overall Water Risk
: ore L SOE : h., % ; Low risk (0-1)
= m m v b il 2 Pa Tl v e Low to medium risk (1-2)
4 | | St : __. 4 odi 0. La I Medium to high risk (2-3)
isreadity " A CR1DI production : - 1 A B I High risk (3-4)
i.‘fg?&; ) 5, g e for rlulltme." I Extremely high risk (4-5)
n
energy, an mdtstnalanddomestlcusehaveleﬂ Bl No Data
~ water stocks in many Asia-Pacific countries ina Definition

critical state vpimtheuncertainties from clImate

Overall water risk identifies areas with higher

exposure to water-related risks and is an aggregated

measure of all selected indicators from the Physical

Quantity, Quality and Regulatory & Reputational

= FACTORS = PROJECTED Risk categories.

RESTRAINING  CLIMATE CHANGE
IRRIGATION IMPACTS TO

PERFORMANCE AGRICULTURE

Sources: WRI Aqueduct 2014
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