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Some Causes of Flooding in Bangladesh

1. Monsoon Climate , 2. Spring Snow-Melt
Brings very heavy rain and snow Results in soil erosion and a
Soils are leached and heavy rapid increase in River Discharge
runoff results in soil erosion =
N A / 3. Deforestation in Headwater Areas
due to increasing population in Nepal & Tibet.
\ Trees cleared for fuel and grazing land.
f Less Evapotranspiration, more runoff and
\ faster soil erosion. Landslides also occur.
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floodplain and delta, most of whichis ~~~_ _
only Im above sea level.
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diverted for irrigation purposes, this N
removes some of the silt and prevents
the floodplain further downstream from
being built up.
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Do forest really prevent flooding?

2005 influential report by the UN Food and Agricultural
Organization concluded that the evidence is weak

Bradshaw, et al Global Change Biol. 13, 1-17 (2007)
Analyzed broader scale data and found deforestation explained
14% of floods.

They predict that arbitrarily decreasing forest area by 10%, would
increase flood frequency 4-28% and duration 4-8%.



Are floods increasing?

Thus far, the changes are fairly subtle

Examples of observational results in the scientific

literature that suggest an increase on the frequency of

heavy rain events.
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Are floods increasing?

Trends in the frequency of flood events are difficult to quantify

because

River configurations and land use are continually changing

Hourly rainfall data are available only over limited regions of the globe
the data are expensive and there are restrictions on their use

Rare events, especially when considered season-by-season
it’s difficult to establish statistical significance when dealing with rare events.

The latter two are true for heat waves too



Defining drought

Months or years with below normal water supply.
Usually from below average precipitation.

The Perfect Drohgjht

The definition is not quantitative.
Specific criteria (e.g., how long, how severe...) need to be specified.

Other factors such as population growth can create deficiencies in water supply
(ie Lake Chad)



Which way will the Sahel go!?

the Sahel SUDAN
Darfur

The Sahel is in between
desert and the region
drenched by the African
monsoon



The African Monsoon in full swing




Which way will the Sahel go!?

JJASO-mean Sahel precipitation anomalies 1900-2007
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The shift around 1970 is believed to be due to changing sea
surface temperature patterns in the tropical Atlantic.



The disappearance of Lake Chad
1973
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Lake Chad




What do the oceans have to do with drought!?
The most striking example is El Nifo
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The sea surface temperature SST anomaly of El Nino



El Nino

La Nina
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Anomalies during El Nino: December-February

(only strongest associations)



Indian Ocean Sea Surface Temperatures Generated Tue Dec 30 00:03 EST 2008

-
.

Indian and tropical Atlantic
SST also affect precipitation
over the tropical as well

3 10 12 14 16

Hence, it’s not clear how much of the long term
trends in the tropics are due to global warming

Source: weather underground: data from NOAA
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Indian Ocean Sea Surface Temperatures Generated Tue Dec 30 00:03 EST 2008

How will the Indian
Monsoon change?

Warmer SST alone
should reduce differential
land/ocean heating and
weaken the monsoon

Aerosols further complicate the issue:

Sulfate aerosols from burning fossil fuels reflect sunlight back to space and
cool locally, which should weaken the monsoon

But black carbon from biomass burning (lots of it there) also absorbs

sunlight and heats the atmosphere and surface, which should strengthen the
monsoon



The drying of southern Australia
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Mean Australian Rainfall (mm)
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The drying of southern Australia
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The decline in rainfall in south-western Australia since the 1960s.
Source:http://www.ioci.org.au/publications/pdf/IOCI_Notes_Series2.pdf.




The drying of southern Australia

SW Australia Annual Maximum and Minimum Temperature Anomaly (base 1961-90)
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Temperature Anomaly (°C)
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In most areas (as in SE Australia) the minimurr%iﬁ:s
temperature is trending upward faster than the
maximum. This is likely because water vapor
and/or cloud cover is increasing, which reduce
heat loss especially at night. An increase in
scattering sunlight could play a role too.

i

Note that in SW Australia, the drying out causes o in Madimum Tomporatire
very high maximum temperature rise too. 19702007, { G/ 0yrs) W

© Commermwosit of Ausvalia 2008, Australian Busosu of Meteorology tssuixl: 11802
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The drying of southern Australia

Other factors that may be playing a role
southward shift in the storm track due to the ozone hole
increased water demand due to rising temperatures

increased water demand due to population growth



Do the rains follow the plough....
... or does agriculture promote desertification?

“This is can’t-put-it-down history.™ - Walter Croakite

Tue UNTOLD STORY OF THOSE WHO SUuRvIVED
THE GREAT AMERICAN DusT BowlL







The big melt (text p. 75-105)
On thin ice
People, animals and ice
A softening landscape
How will Greenland's fate affect ours!?
What about Antarctica?
Tropics and mid-latitudes: Goodbye glaciers
Trouble towards the equator?
Mid-latitude belt

More than melting?






The cryosphere

sea ice

a.k.a. pack ice

continental ice sheets

ice caps

permafrost

mountain glaciers
alpine glaciers

SNOW cover
snow pack




¥ CryoTour2009.mp4
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Tour of the Cryosphere 2009

http://svs.gsfc.nasa.gov/vis/a000000/a003600/a0036 19/



AMSR_E_5ealce_to 09_14 2007.mp4

Sea lce cover Jan | - Sep 14, 2007
false color AMSR-E passive microwave satellite

http://svs.gsfc.nasa.gov/vis/a000000/a003400/a003456/






Pressure ridges

Arctic Sea Ice is typically 0.5 to
3 m thick, except in pressure

ridges like these, which can be
10-30 m thick



Alaska

Canada

Median ice exte
at end of summer
1972-1990

Projected exten
in 2030

Greenland

North-west passage

Projected summer shipping routes

Russia

"THE HOT ZONE

| The oil-rich waters around the Arctic
| Circle are heating up — and are up
| for grabs. A look at some of the
Itk e :
territorial battles ahead. [ \arrn peptH
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i © U.S. CONTINENTAL SHELF
| If the U.S. ratified the Law of the Sea treaty, it

| could claim territory here roughly half the size of
| Alaska.

|

| € CHUKCHI SEA

| Shell has plans to explore here. But since Russia
| Is claiming nearly half the Arctic Ocean, it may

| run into trouble.

| € BEAUFORT SEA

| A 100-square-mile area in this body of water Is
| said to be rich with oil and gas, but it's in dispute
| —s0 no one has bid on a drilling lease offered by
| both Canada and the U.S.

|
| €) LOMONOSOV RIDGE

i This glant undersea landmass extends from

| Russia to Greenland — and the two countries are
| fighting over it. In June, Russia sald its scien-
tists found evidence of a 70-billlon-barrel
depesit and claimed rights to the whele ridge.




Photo by J.M. Wallace. NbrthWQs‘jczPassage, July 2008.




Canada Northwest Passage




Northern Hemisphere Sea Ice Area

Data provided by NSIDC: NASA SMMR and SSMI
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Downward trend at minimum is ~1%/year



Southern Hemisphere Sea Ice Area

Data provided by NSIDC: NASA SMMR and SSMI
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No significant trend



End of February Arctic Sea Ice Age
1981-2000 Median 2009

First year ice
(< 1 Year Old)

Older ice
(>2 Years Old)

Second year ice
(1-2 Years Old)

Maslanik and C. Fowler, Univ. Colorado

Arctic sea ice Is younger and thinner and hence
more vulnerable to variability in atmosphere and ocean

Maslanik and Fowler



September Sea Ice Extent

Climate Model
Observations
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Holland, Bitz, and Tremblay, 2006



CCSM3 - A1B Scenario
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Trend and Interannual variability is well represented in some models

note occasional decade of little change

Holland et al 2006, 2008



What is so special about climate in the polar regions?

lce-albedo positive feedback amplifies warming

Poleward amplification reduces pole-to-equator temperature
gradient, which then reduces atmospheric heat engine. Heat is
drawn less towards pole and tropics warm more too.

Rising water vapor concentration and its transport poleward is
expected to increase precipitation and possibly cloudiness

In winter, clouds have almost no albedo effect, so their GHE dominates

In summer, not so clear (but it is already ridiculously cloudy in summer
anyway)



What is so special about climate impacts in the polar regions?

Fragile and specialized ecosystems

Erosion if sea ice disappears (it damps waves) and permafrost
causes surfaces to soften

Rising sea level problem



Bowhead
and
Beluga
whales

Walrus

Arctic wildlife



Listing the polar bear as a threatened species

Feb 2005 petition from Center for Biological Diversity later joined
by Natural Resource Defense Council and Greenpeace

Dec 2005, the petitioners filed a complaint for failure to issue a 90-day
finding in response to the petition as required by section the
Endangered Species Act.

Feb 2006, Secretary of the Interior Dirk Kempthorne said scientific
information indicating that listing the polar bear may be warranted,
initiated 12 month review by the Fish and Wildlife Service

Dec 2007 12 scientific reports filed; Secretary Kempthorne proposed
threatened listing is warranted. One-year comment period for final
decision



http://www.interior.gov/secretary/speeches/081405_speech.html

U.S. Department of the Interior

Remarks By Secretary Kempthorne

Press Conference On Polar Bear Listing
May 14, 2008

Today | am listing the polar bear as a "threatened” species under the Endangered Species Act.

| believe this decision is most consistent with the record and legal standards of the Endangered Species Act —
perhaps the least flexible law Congress has ever enacted.

| am also announcing that this listing decision will be accompanied by administrative guidance and a rule that
defines the scope of impact my decision will have, in order to protect the polar bear while preventing unintended
harm to the society and economy of the United States.

In taking these actions, | accept the recommendations of the Assistant Secretary for Fish and Wildlife and Parks,
Lyle Laverty, and the Director of the U.S. Fish and Wildlife Service, Dale Hall. | also relied upon scientific analysis
from the Director of the U.S. Geological Survey, Dr. Mark Myers, and his team of scientists.

The ESA protects vulnerable animals with two classifications:

« An "endangered” species is in danger of extinction
- A'threatened” species is likely to become an endangered species in the foreseeable future.

Today's decision is based on three findings. First, sea ice is vital to polar bear survival. Second, the polar bear's
sea-ice habitat has dramatically melted in recent decades. Third, computer models suggest sea ice is likely to
further recede in the future.




Albatross

Antarctic wildlife




Does the water level change
when the ice melts?

Does sea ice melting cause
sea level rise?




What about land ice?

Greenland 7 m sea level equivalent
West Antarctica 5 m sea level equivalent




Area of Greenland Experiencing Melt

The latter three are unusually high years



; Greenland Total Melt Area
30 1 2007
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Area in million square kilometers

Steffan and Huff, CU
Melting so far has amounted to a minute fraction of total volume



Accumulation zone

Mass balance of an ice sheet

Rate of change of mass = Rate of accumulation — Rate of ablation
Ablation is the rate of loss of mass of the ice sheet

which can include dynamic losses by calving



Higher melt may cause greater dynamic loss




The melt water can fall
through cracks that reach
the bedrock







Greenland is surrounded
by fjords filled with
ice streams

Kort & Matrikeisty



Gm:nland

calving front, now

/ at grounding line

Fjords serve to buttress the ice sheet.
They reduce dynamic loss. This one
drains 6.5% of Greenland ice and
makes most bergs in N. Atlantic.



approximate terminus in 2000

Sermersuaq (Humboldt Glacier)

Glacier calving

A natural process
but terminus of many
glaciers is retreating
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Ayles ice sheet movie

http://svs.gsfc.nasa.gov/vis/a000000/a003400/a003430/



