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Science of global warming

Continuous flow of energy from the sun reaches the
earth as visible light

30% Iimmediately scattered back into space, /0%
penetrates the atmosphere to heat up the surface

This energy is emitted from the earth into the
atmosphere as infrared light

Some of this infrared irradiation is adsorbed by
components in the atmosphere so called ‘greenhouse
gases’




Science of global warming (cont)

These greenhouse gases can re-emit this energy in all
direction

As result of this effect the earth is kept some 30°C
warmer than without these GHGs, essential for live
on earth

These gasses are making up only about 1% of earth
atmospheric composition




The Greenhouse effect
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Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation
is absorbed by the
Earth’s surface and warms it. Infrared radiation is
emitted from the Earth’s
surface.




The cooling factors
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Major Greenhouse gases

Main GHGs are water vapor (H,O), carbon dioxide
(CO,), ozone (O;), methane (CH,), nitrous oxide
(N20), and (hydro) chlorofluorocarbons (CFCs and
HCFCs)

Apart from CFCs and HCFCs all these gases occur
naturally




Indicators of the human influence
on the atmosphere during the Industrial era
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Sources of GHGs
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Trends and relationships

What are the trends in the concentration of the
greenhouse gases In the atmosphere and is
there a relation with the global temperature?

What are the sources of the greenhouse gases
and and what is the trend in the emissions?




Surface temperature trend

Variations of the Earth’s surface temperature for...

Departures in temperature in °C (from the 1961-1990 average)
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Anthropogenic emissions of CO2, CH4, N20 and SO2
for the six SRES scenarios
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Global atmospheric concentration of CO;
Parts per million (ppm
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Emissions of CO, - selected countries (1995)
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World primary energy use and carbon dioxide emissions
by region from 1971 to 1998
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CO, emissions from land use change
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Recent Trends in Climate

Chan g€ (Pakistan)

. 0f 0.6-1.0°C in arid coastal areas,
arid mountains and hyper arid plains

10-15% decrease in both winter and summer
coastal belt and hyper arid plains

18-32% increase Iin especially
the sub-humid and humid areas.

5% decrease in In Balochistan

0.5t0 0.7% Increase in over southern
half of country.




Annual temperature trends: 1976 to 2000
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Annual precipitation trends: 1900 to 2000
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Recent Trends in Climate

Chan g€ (Pakistan)

3-5% decrease In In central Pakistan
with Increase In

3-5%increase in ETo due to 0.9°C temp. increase

5% Increase In requirement with no
change in rainfall.

Expanding aridity in Northern parts outside monsoon
range and arid regions

During last 100 years, 7 strong, 10 moderate and 7 weak
EL Nino events. 17-64% departure of rainfall from normal
during strong events




Recent Trends in Climate
Change

Frequency of Increased over
Bay of Bangal and Arabian Sea during last 50 years.

The intensity of systems also increased during last quarter
of the 20t century.
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Scenarios

We now know that there Is a correlation
between emission of greenhouse gases, their
atmospheric concentration and earth global
temperature, but what about the next future?

What can we expect, will the concentrations
and temperature still increase?




Scenarios

With help of scenarios we get a feeling what
might happen.

Specific scenarios were developed under the
IPCC program

Effects on CO, concentration, temperature and
sea level rise are given




Projected CO, emissions
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Projected CO, concentrations
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Projected temperature change

Several modeals
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Projected sea level rise
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Climate Scenario in 2025

Temperature Chanage during Monsoon




Climate Scenario in 2025

Temperature Change during Winter period




Climate Scenario in 2025

Temperature Change during Annual period




Climate Scenario in 2025

Precipitation Change during Monsoon period
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Climate Scenario in 2025

Precipitation Change during Winter period




Climate Scenario in 2025

Precipitation Change during Annual period




Understanding and Attributing Climate Change

Anthropogenic
warming Is
likely
discernible on
all inhabited
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What's in the pipeline and what could come
Warming will increase if GHG increase. If GHG were kept fixed at current
evels, .a.committed 0.6°C of further warming would be expected by 2100
More warming would accompany more emission.
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Projections of Future Changes in Climate

Projected Patterns of Precipitation Changes

New in AR4: Drying in much of the subtropics, more rain in
higher latitudes, continuing the broad pattern of rainfall
changes already observed.




What else happens in a hotter world?
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Sea level rise is one of the surest

consequences of a warmer climate.

However, the quantitative answer 1S
elusive. It depends on thermal expansion
and melting 1ce on land, and on
instabilities that are difficult to model and
predict.

Destabilizing large ice sheets, 1f 1t happens,
1s extremely serious. We don’t know yet




So, even with the best-case scenario (with a lot
of regulations and incentives by
governments) when the CO, emissions will
decrease, the temperature will still go up and

the sea level will still rise.




It can be concluded from these scenarios that
climate will change. In some scenarios it will
be quite drastic, be still - do we need to care?

What might potential impacts look like? Are we
going to suffer?
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Potential impacts

Potential climate changes impact

Sea level rise

Precipitation

Impacts on...
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Potential impacts

Global costs of extreme weather events (inflation-adjusted)

Annual losses, in thousand million U.S. dollars
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Potential impacts

Freshwater stress: Current population at risk
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Explosive Volcanic
Eruptions: Proof of
Fast-Response Climate
Change Due to Forcing
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Changing forcing
changes the
temperature (and
water vapor, etc.).

If volcanoes can cool,
then GHG must
warm....




Rising
atmospheric
temperature

Rising sea
level

Reductions in NH
SNOW cover

And oceans..

And upper
atmosphere....
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The Earth is de-glaciating

Since 1979, more than o
20% of the Polar Ice Cap #£3&
has melted away.  J7. /8

ARCTIC SEA
ICE BOUNDARY IN 1979
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The Earth Is de-glaciating
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Global warming relative to 1980-1999
17-model average, 4 emission futures
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A different world in the Arctic: present and future
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The Arctic was also warm in the period
1925-1940, but the extent of warmth
was not global at that time.

Clear decreases in Arctic

Large future changes in Arctic sea ice sea Ice extent.
are very likely.

Changes in seaice don’t significantly
affect sea level because this ice is

already floating. Changes in land ice
(glaciers, ice caps, and ice sheets) do
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Climate change: complex & interdisciplinary

* Global climate change is the most
danagerous environmental problem humans
have ever created.

® |t IS also the most difficult environmental
problem humans have ever created.

e But there Is much that individuals, firms, &
governments can do to reduce the danger.




CLIMATE CHANGE




Precipitation Changes 1951-2000

Precipitation  On annual basis

Changes

Coastal areas Negative
Quettaregion & Positive
SE Sindh

Western Balochistan Negative
around Nokkundi

Monsoon belt Positive

Northern Mountains Positive

Monsoon Season
(Jun — Sep)

Negative

Positive

Negative

Positive

Positive

Winter Season
(Dec — Mar)

Positive

Positive

Negative

Mostly positive

Negative



Aridity Index Map of Pakistan{1961-1990)
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Impact of ENSO on hydro-meteorological

resources of country

Over the closing decades of the twentieth
century, the term ENSO has become
synonymous with social, economic and
environmental crises in many parts of the
globe.

ENSO signals a major departure from the
normal climate patterns, particularly those
affecting tropical regions.



Impact of ENSO on hydro-meteorological

resources of country

Analysis of all Pakistan Monsoon Rainfall depicts
that;

During the 8 strong EI Nino events identified during
the last 100 years period, monsoon rainfall was
largely deficit in all the cases.

In the case of moderate/weak El Nino events also,
the rainfall is generally normal/below normal on
most of the occasions except on one to two
occasions.



Impact of ENSO on hydro-meteorological

resources of country

%age dep of rainfall during neutral and La Nina years
Non Enso years, Ej La Ninayearswith same intensity during fall(OND) & subsequent winter(JFM)
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Impact of ENSO on hydro-meteorological

resources of country
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Climate Scenario in 2025

Precipitation Change during Monsoon period
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Climate Scenario in 2025

Precipitation Change during Winter period

U

50.0

0.0

20.0

| 10.0
5.0

0.0

=5.0

L =10.0
=20.0

=50.0




Climate Scenario in 2025

Precipitation Change on Annual basis
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Temperature Projections are nearly same as per
GCMs out based on Hadley’s Centre Model
HadCAM2

However RCMs analysis depicts a bit different
results in relation to precipitation.

Southeast Sindh and Cholistan depicts a positive
change during next half century on annual basis

Pakistan Meteorological Department



Analysis of Data shows a direct relationship
between precipitation and inflows.

However during drier and warm winter months,
iInflows show a negitive trend

This indicates that glacier melt contribution Is
diminished, and the basins have entered a
potentially long-term trend of declining flows.

Pakistan Meteorological Department
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IMPACT ON WATER RESOURCES AND
ECONOMY

% Less snowtfall, slow deposits &
glacierization

# Reduced river flows
# Reduction in storage of water in dams

% Less rainfall in arid areas, prolonged
droughts



IMPACT ON WATER RESOURCES AND
AGRICULTURE

1 Extreme weather events pose
serious threat to Agriculture
productivity.

,» Farmer are more concerned to
extreme events. They realize that
not the 364 days of normal
weather that scares them, but
the one day of flash flooding.



1992 History’s worst floods in Jhelum river
In Pakistan

1996 Severe urban storm flooding In
Lahore, Pakistan due to 500 mm
rainfall in 24 hours on 20t July

1998 Dokriani glacier in Himalayas, India

retreated at a record pace. The
glacier retreated 66 feet In 1998
despite severe winter.




1998 The Gangorti glacier is retreating 98
feet per year. At this rate scientists
predict the loss of all central and
eastern Himalayan glaciers by 2035

1999 Severe Cyclonic Storm hit the coastal
areas of Pakistan and India

1998- |History’s worst drought in Pakistan

2001

2001 621 mm rainfall in Islamabad during
10 hours in the month of July causing
history’s worst flash floods in twin
cities




Feb
2003

il o L |

On 17t Feb, four to five inches of rain fel
In Hyderabad region. The storms actec
like a mini tornado and damagec
Infrastructure. 9 people were reportec

dead.

Feb
2003

On 19t Feb, 2 to 4 inches of rain
associated with a suction vortex affected
eastern Punjab which uprooted trees &
electric poles, threw away heavy
equipment

July
2003

Hundreds of villages of lower Sindh were
affected by flash floods.




Winter
2005

Record heavy snowfall in northern areas
caused havoc and resulted in loss of lives
and damage to property.

Also heavy rains in Balochistan caused
flash flooding and damage to properties
and loss of lives.

More than 5 million people affected and
832 people died due to extreme weather
conditions.




IMPACT ON WATER RESOURCES AND
AGRICULTURE

1 Heat-wave In sub-continent
In 2005, reduced agricultural
yields in affected countries
by between 10 to 40% of the
harvests for that year



IMPACT ON WATER RESOURCES AND
AGRICULTURE

1 As per the warning within the IPCC’s
prediction, even ignoring extreme
weather, food production Iin the
tropics will decline due to warming.



Water Availability Situation

Gross per capita water availability in Pakistan
will decline from ~ 1350 m3/yr in 2001 to as low

as ~ 858 m3/yr in 2025

WATER AVAILABILITY Vs POPULATION GROWTH
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Wheat Yield in different agro-climatic zones
of Pakistan under A2 Scenarios
(Base data 1960-2004)
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Climate Change Impact on Wheat Production
In Pakistan by 2085 (A2 and B2 Scenarios )

Share in % Change in yleld in
‘ National Baseline Yield 2080
Reglion : -
Production (kg ha') A2 B2
(%0) Scenario Scenario
Northern 2 2658 +50 +40
Mountalnous
Northern Sub-
mountainous 9 3933 -11 -11
Southern Semi
arid Plains 42 4306 -8 -8
Southern Arid 47 4490 -5 -6
Plains
Pakistan 100 4326 -5.7 -6.4




Effect of rise In temperature on Basmati rice

yields in Southern Semi-arid Plains of Pakistan
(other factors remaining constant)
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Basmati Rice Yield in Southern Semi-arid
Plains of Pakistan under A2 and B2

Scenarios
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Food insecure regions and countries at risk
by climate events

Phenomenon Region/Country Projected impact
e Hotdays & |Countries of arid and Decreased crop and livestock
nights semi-arid and yields due to water and heat

e Warm spells
/heat waves
over most
land areas

sub-tropical Asia,
Sub-Saharan Africa

stress

Extreme events

- Droughts

- Floods

Semi-arid and
sub-humid South Asia

Low-lying areas,
deltas, river valleys &
lake basins of Asia

Land degradation, crop damage
and failure leading to lower
yields

Increased livestock deaths

Damage to crops & food stores
Soil erosion, inability to
cultivate land due to water

logging




POSSIBLE IMPACTS OF CC ON
Agriculture (IPCC 4th Assessment Rep.)

ASIA

« By 2050, crop yields could decrease up by
up to 30% in South Asia

« By 2050, freshwater availability in South and
South-East Asia, particularly in large river
basins is projected to decrease by 12-20%.



RESPONDING TO CLIMATE CHANGE

There are two key ways of responding to
climate change:

- Adapt to the changes

- Reduce through mitigation measures
the sources (emission apbatement) or
enhance the sinks (sequestration) of
GHG
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BESHAM Inflow August, 2008
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Disputed
Territory

| Small trees or open scrub
. Scrub or desert vegetation
. Rice

. Wheat

c Cotton
&b« Fish processing

Gwadar  Pagni




