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Learning Objectives

At the end of this module, participants will be able to
« Describe the science behind climate change;

 Identify sources of natural and human-induced climate
change; and

* Describe the projected impacts of climate change.
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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:

s

HAGEN@ 2003




Weather

The state of atmosphere
at a given time and place
measured In terms of
variables that iInclude
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 iIn
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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C) relative to 1961-1990

Temperature anomaly (*

Observed globally averaged combined land and ocean

surface temperature anomaly 1850-2012

T
Annual average

From ARS (2014)



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 normals (expected
average values for temperature and precipitation) for a given place and
time of year, from one decade to the next
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Why is the Climate Changing??
Natural Variability
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Climate change is a normal
part of the Earth’s natural
variability, which is related
to interactions among the
atmosphere, ocean, and
land, as well as changes in
the amount of solar

radiation reaching the
earth. US Environment Protection Agency
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Human Induced Change

Greenhouse Gases

« Carbon dioxide (CO,) and water vapor (H,O), 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.”
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Regional Temperatures

Land & Ocean Temperature Anomalies Jan-Dec 2012
(with respect to a 1981-2010 base period)
Data Source: GHCN-M version 3.2.0 & ERSST version 3b
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Land & Ocean Temperature Percentiles Jan-Dec 2012
NOAA’s National Climatic Data Center
Data Source: GHCN-M version 3.2.0 & ERSST version 3b
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Regional Temperatures

Land & Ocean Temperature Departure from Average Jan-Dec 2015 Land & Ocean Temperature Percentiles Jan-Dec 2015
(with respect to a 1981-2010 base period) NOAA'’s National Centers for Environmental Information
Data Source: GHCN-M version 3.3.0 & ERSST version 4.0.0 Data Source: GHCN-M version 3.3.0 & ERSST version 4.0.0
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Global Precipitation

January-December Precipitation Anomalies @\ Land-Only Precipitation Percent of Normal Jan-Dec 2012
1900-2012 ‘V,- (with respect to a 1961-1990 base period)
e e T e Data Source: GHCN-M version 2
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Global Precipitation

L ] @ Land-Only Precipitation Percentiles Jan-Dec 2015
January-December Precipitation Anomalies ;V NOAA’s National Centers for Environmental Information
1900-2015 R A Data Source: GHCN-M version 2
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2012 Sig

ant Climate Anomalies and Events

e

Alaska -
Anomalously-cool conditions affected
the stateduring Janual sulting in
the ooolest January inthe 95-year
record fof e state. ‘?,

g

United States
Nearly two-thirds of the contiguous Us
the end of Sep 2012. The Palmer
{  percent in June 2012
‘was the largest percentage since December 1956,
The 2012 drought resulfed in a muilti-billion-dollar

‘was in drought by
Drought Severity Index

Eastern North Pacific
Hurricane Season
Near average activity:
17 storms, 10 hurricanes.

agricultaral disaster.

Hurricane Carlotta
June 1416
Maximum winds - 175 km/hr
Carlotta was the easternmost landfalling
hurricane in the North Pacific since 1966

El Nifio-Southern Oscillation (ENSO)
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

Canada
Experienced its warm
national recerds begal

Arctic-Sea Ice Extent
Dyring its melt sgason, the Arctic reached

. f.
its lowest sea ice axtent on record. Buring

AL ifs growth seasar; the Arctic redcfied its - r
nintfloivest max@mum sed ice extent Since A
records began in, 1979

< e United Kingdom -
e 4 r experiencing dry conditions during h
summer singe }-Fbe first three months of the year, the p. oW M 3
L/ __remainder of the year was wet, resulting it~ “=_ < -
o /f the second wettest year on record, behind
I 71 1 2000,

Europe experience: unys;
Ieamng to extrema draught 3

d States.

'Hurricane Sandy

~ October 22M-31%
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 U.S., prompting severe
flaods across the northeast and resulting
in over 130 fatalities

Devastating flood

Wi
Mal

Peru & Brazil
Heawy rains during their rainy season triggered
floods and landslides acfoss parts of Peru and
Brazil. The heavy downpaurs caused the Amazon

River to surpass n-synml reoofds.
'

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

sed ou bresks

Atlantic Hurricane
Season

Above average activity:
18 storms, 10 hurricanes.

Argentina
Extreme fainfall.severely affected
Buenas Alres pravince during August
2012, prodiucing severe flooding. Monthly
totals broke historical records in saveral
locations.

Global Trepical Cyclone Activity
Near average activity:

81 storms

38 hurricanesityphoonsfcyclones

Antarctic Sea Ice Extent

during Séptembler 2012, Over 5 million »
people wers\affected, with more than ===
460,000 houses damaged or'destiayed,

# i

N Russian Federation
= Experienced its second warmest sumrmer,
behind the record-breaking summer of
2010 {
Eurasia 7
ost of the Eurasian continent durin: meranuurv mmugh [md—

tern Sichual
jprovil expmemed severe drodght’
during the winter and spring 2012
Nearly 8.6 million people were affected
and over 1 million hectares of cropland
damaged
[

India
Rainfall E!ul‘ing the pre-ménsoon,
2012 season was Ihe lowest since
1901

North Indian Ocean
Cyclone Season
Below-average activity:
2 storms, 0 cyclones.

Australian Cy¢lone Season
Below-average activity:
B storms, 2cyclones,

£

ot

< Australia

Maximum winds - 185 km/hr P .
Anais was the second eariiest tropical cyclone /' Australia had near-average rainfall
. during 2012. Western Australia had

to form so early in the season after Tropical .
Cyclone Blanche in 1969 and was the first intense | 1S third driest April-Octaber on

cyclane on record for the month of October. (

Cyclone Anais
October 12190

g

Southwest Indian Ocean -
Cyclone Season
Above-average activity:

11 storms, 3 cyclones.,

Fourth largest sea ice extent during its melt season. During jts-growth seasom;

the Antarctic sea ice extent reached its largest sea ice extent since records
began in 1879.

Typhoon Sanba
September 10%-1g#
Maximum winds - 280 km/hr
The strongest cyclone, globally, in 2012

Sanba impacted the Philippines, Japan, and

the Kerean Peninsula, dumping torrential rain
and triggering floods and landslides that affected
thousands of people.

Cyclone Evan-
Decamber 9
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.

__island of Mindanaa in early December.
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Western North Pacific
Typhoon Season

Near average activity:

23 storms, 13 typhoons.

Typhoon Bopha

November 25™"-December
Maximum winds - 260 km/hr

Bopha struck the southern Philippine

Bopha was the strongest cyclana to maks
landfall in the area. More than 900
residents were killed and nearly 600
were missing

Southwest Pacific
Cyclone Season
Below-average activity:
3 storms, 1 CYC\DHQS
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Selected Significant Climate Anomalies and Events in 2015

ARCTIC SEA ICE EXTENT

During its growth season, the Arctic had its smallest annual
maximum extent. During its melt season, the Arctic reached its
ALASKA fourth smallest minimum extent on record.

The year 2015 tied with 2002 as the
second warmest year since statewide
records began in 1925, behind 2014.

ASIA

Much-warmer-than-average conditions were present
across much of the continent. 2015 was the warmest year
since continental records began in 1910. Russia had its
warmest Jan-Sep since national records began in 1936.
China had its warmest Jan-Oct, with Hong Kong
experiencing its warmest Jun—Aug period on record.

CANADA
Parts of western Canada had their warmest summer
on record. Moderate to extreme drought developed
across parts of western Canada due to the unusual

warmth and dryness.

EUROPE

Europe, as a whole, experienced its second warmest year

on record, behind 2014. Several countries had a top 5

year: Spain (warmest), Finland (warmest), Austria (2nd),

Germany (2nd), France (3rd), and The Netherlands (5th). EHINA

INDIA Heavy rain from May-Oct caused floods
A major heatwave affected India from that affected 75 million people. Provinces
CONTIGUOUS UNITED STATES 21 May—10 June. Average temperatures in southern China experienced their

The contiguous U.S. had its second warmest over 45°C were observed, with some wettest May in 40 years.

(behind 2012) and third wettest year since Ifofalt“t“ms "eaCht:'l"g 4‘3‘;(- 0ch5" 2000
national records began in 1895, May 2015 hae:r‘ HUEB SEMSECNUBEEEE
was the wettest month of any month on -
record.

ATLANTIC HURRICANE
SEASON
Below average activity

EASTERN NORTH PACIFIC BASIN
August 2015

At the end of August, three storms—Kilo, Ignacio, and
Jimena—represented the first simultaneous occurrence
of three major hurricanes in the basin since records
began in 1949,

WESTERN PACIFIC OCEAN
TYPHOON SEASON
Above average activity

MOROCCO

On Aug 6%, Marrakech 28 storms, 21 typhoons
received over 13 times its
monthly average in one hour. GYCLONE EHAPALA .,
639% of normal ACE (Oct.cber 28 :November 4%, 2015)
11 storms, 4 hurricanes g\:xm‘um wnl-n':is;IZithm_/hr et
apala was the first hurricane-streng
EASTERN NORTH PACIFIC AFRICA NORTH INDIAN OCEAN storm (Category 1 in the Saffir-Simpson
ULTEL 2 o) MEXICO 2015 was the second warmest | CYCLONE SEASON Sl iz i el e o Ve,
NESIRCTEE 2GSy Several storm systems brought heavy precipitation

144% of normal ACE
18 storms, 13 hurricanes

year, behind 2010, since
continental records began in
1910.

Near average activity

during March 2015, with the national average being 5 storms, 2 cyclones

over three times the monthly average. This was the

AUSTRALIAN CYCLONE
wettest March since national records began in 1941. EASON

SOUTH WEST PACIFIC

Near average activity OCEAN CYCLONE
HURRICANE SANDRA Eou et iNDiaN 9 storme, 7 cyd AN SEASON
(November 23%-28™ 2015) SOUTH AFRICA OCEAN CYCLONE Near average activity
Maximum winds - 230 km/hr Jul 2014-Jun 2015 was the driest SEASON 6 storms, 2 cyclones
Sandra was the latest major hurricane season since 1991/92 and third N fivits
: - driest since records began in EEIEERlE el sy
observed in the Eastern North Pacific CHILE 1635743 13 storms, 6 cyclones [ AUSTRALIA
basin since reliable records began in Jan 2015 was the driest Jan 2 Experienced its fifth warmest year since
1971. in at least five decades. national records began in 1910. The
SOUTH AMERICA month of October was excpetionally
ARGENTINA Much-warmer-than-average conditions warm, recording the largest anomaly
Second warmest year, behind 2012, since national engulfed much of the region during the for any month on record.
records began in 1961. The four warmest years on year, resulting in the warmest year since
WOATNOSRy record have occurred since 2012. continental records began in 1910. ANTARCTIC SEA ICE EXTENT
5 . During its growth season, the Antarctic had its 16th largest

annual maximum extent. During its melt season, the Antarctic
reached its fourth largest minimum extent on record.

> <
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Please Note: Material provided in this map was compiled from NOAA's NCEI State of the Climate Reports and the WMO Provisional Status of the Climate in 2015,
For more information please visit: http://www.ncdc.noaa.gov/sotc



Climate Variability & Climate Change




What is the Climate System?

Consists of five major components:

The atmosphere
The hydrosphere
The cryosphere
Land surface
The biosphere

A

The climate system s
continually changing due
to the interactions
between the components
as well as external factors
such as volcanic eruptions
or solar variations and
human-induced factors
such as changes to the
atmosphere 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).
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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)




(a)

Temperature anomaly (*C) relative to 1961-1990
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Observed globally averaged combined land and ocean
surface temperature anomaly 1850-2012
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Conseguences 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 Consequences

« 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)
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What Changes Climate




Landuse Changes

Past, Present and Future in Indonesia
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Greenhouse Gas Emissions




Observations of Climate Change




Difference from 1961-1990 (mm) (°c)

(million km?)
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Direct Observations

CHANGES IN TEMPERATURE, SEA
LEVEL AND NORTHERN HEMISPHERE
SNow COVER

Observed changes in (a) global average surface temperature, (b)
global average sea level from tide gauge (blue) and satellite (red)
data and (c) Northern Hemisphere snow cover for March-April.
All changes are relative to corresponding averages for the period
1961-1990. Smoothed curves represent decadal average values
while circles show yearly values. The shaded areas are the
uncertainty intervals estimated from a comprehensive analysis of
known uncertainties (a and b) and from the time series (c).
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Global average sea level change
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From IPCC Assessment Report (ARS) (2014)




Mount Kilimanjaro

Feb. 17, 1993 =)

February 21, 2000

Eeb. 21, 2000 )

Credit: Jim Williams, NASA GSFC Scientific
Visualization Studio, Landsat 7 Science Team
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Climate related Disasters on the Increase.
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‘Events displacing over 100,000 people

All countries with new displacement
B Countries with 50,000 people or more displaced
N Countries with 1% of population displaced or more

USA.
Hurricane Sandy Pakistan

Monmnﬂoodt
Wt 1.9 mision displaced

displaced

. Rainy season floods
Wbd 530000 displaced |

Worldwide
32.4 million
people displaced

{ Comoros
N

www.internal-displacement.org
IDMC data version 30 April 2013

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

Disaster-induced displacement worldwide in 2012
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"China
Y Trphoon Haikui floods
Wb 2.1 milion dsplaced

) Monscon ;1::«. Quno/uly)

Twin typhoons Saola & Damrey
867000 displaced

Typhoon Kai-Tak
530,000 displaced

7Y Monsoon floods (Api/May)
3000 displaced

“

. Emhquaka in Yunnan
185,000 dsplaced

Typhoon Son Tinh
. 136,000 displaced
Bangladesh
) Monsoon flooding
b 600,000 dispisced

Chad } North Korea
Y} Sk sewson Sooce 2 Y Monsoon floods
Whdd) 500,000 displaced r “ed 212,000 dspiaced
\ /Japan
Niger ‘I \
jsh floods and landskides
B e

Gustemas # South Sudan 5 { Patau
Rainy floods i
Cuba '  Jornt hegoteides Al J :' 5
Hurricane Sandy {
A 343,000 deplaced
y NS Madagascar . i E . Papua New Guinea
Dor 2 " i lnda i
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Haﬂ z':-’-mmsaw 5]
( ( 7
India -
Peru ) Monsoon flods (1st pericd)
Foods Wb 69 mificn displaced
138000 dsplced Monsoon floods (2nd period)
N 2 million displaced
Cyclonic storm Ndam
A, 210000 dsplaced

Philippines
) Trphoon Pablo (Bopha)

1.9 miton displaced
‘f’

typhoon effects
IBm‘mdspbwd

Southwest monsoon
m

Negros Oriental earthquake
187,000 displaced 5




Bombay Extreme Rainfall on 26" July 2005
(944 mm - 24 hrs.)

luly 26, 2005 1009 UTC
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15 - 19 May 2003 Flood event in Sri Lanka

River -Basin Rainfalls

I EEEEEEREER ]
8338

River basin-wise rainfall distribution on 17th May 2003




Climate Change’s Devastating Effects

Impacts of Climate Change



Climate Change and its Impacts_Videos/Climate Change Devastating Effects.mp4
Climate Change and its Impacts_Videos/The Impacts of Climate Change.mp4
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