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Definitions

• Weather: a daily condition of atmospheric events (i.e.:

rain showers, wind direction, fog, snow amounts, etc.)

• Climate: long term (years) condition of atmospheric

events.

• Global warming: the change in the yearly average of the

world’s temperature.

• Climate change: the long term (years) changes in

atmospheric conditions, of which global warming is a part.



What is Climate Change?
◼ Climate is the average weather over a long period (typically 30

years).

◼ We expect the weather to change a lot from day to day, but we
expect the climate to remain relatively constant.

◼ If the climate doesn’t remain constant, we call it climate change.

◼ The key question is what is a significant change – and this
depends upon the underlying level of climate variability



Climate Change History

• Earth’s climate has always been

changing

– Ice age (2 million years ago), glacial

periods, polar ice caps

– 18,000 years ago: cold spell &

continental glaciers

• Last 100 years, surface has 

warmed about 0.6°C

• In past 10,000 years, global temp. 

has never varied more than 1.5°C



Climate Change

Temperature Change  Precipitation Change Sea Level Rise 



Past Climate Change

The Earth’s climate has changed

numerous times in the geologic past,

and 5 times it caused mass extinctions.

Climate change in the past has been

influenced by several different events:

• Changes in the sun’s output

• Changes in the earth’s orbit

• Meteors impacting the Earth

• Natural changes in greenhouse

gases levels



Currently there is another event that causes 

climate change:

HUMAN ACTIVITY



Causes of Climate change

Natural
• Explosions on the sun ("sun spots")

• Volcanic eruptions on a massive scale

• Changes in earth orbit

• Changes in earth's orientation toward the sun

• Explosions caused by large meteors hitting the earth

Man made
• Greenhouse effect



Changes in the energy output of the Sun, and the 

Earth’s orbit around the Sun, do have an effect on 

the Earth’s climate.

Ice ages have come and gone in regular cycles for 

nearly three million years. There is strong evidence 

that these are linked to regular variations in the 

Earth’s orbit around the Sun, the so-called 

Milankovitch cycles. These cycles change the 

amount of the Sun’s energy received by different 

places on the Earth’s surface.

Variations in the Earth's Orbit





Changes in the amount of energy 
coming from the Sun



Volcanic emissions

There were 3 volcanic eruptions big enough to 

affect the climate in the 20th century – Agung in 

Indonesia (1963), El Chichon in Mexico (1982) 

and Pinatubo in the Philippines (1991).

Material (particles) from violent volcanic eruptions 

can be projected far above the highest cloud, and 

into the stratosphere where they can significantly 

increase how much incoming solar energy is 

reflected. Major volcanic eruptions can reduce 

average global surface temperature by about 

0.5°C for months or even years.

http://i49.tinypic.com/suvvr6.gif
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Collisions with comets or meteorites

• The Earth's atmosphere protects us from the 

impacts of comets and meteorites, by vaporizing 

all or most of the incoming material before 

reaching the Earth's surface. Scientists believe 

however, that every once in a while a celestial 

body of significant size collides with the Earth, 

causing untold destruction and an ensuing global 

climate change.

• The comet/meteorite impact theory of climate 

change has been considered to account for the 

extinction of the dinosaurs 65 million years ago.





Definition of 
Greenhouse 
Effect

The greenhouse effect is the natural warming of the lower 
atmosphere (troposphere) because of the presence of certain 
gases (Greenhouse gases) by trapping more heat energy.



The real greenhouse



The Sun’s energy 

passes through the 

car’s windshield.

This energy (heat) 

is trapped inside 

the car and cannot 

pass back through 

the windshield, 

causing the inside 

of the car to warm 

up.

Example of the 

Greenhouse Effect





“Greenhouse effect” Increasing greenhouse gases trap more heat



Greenhouse gases



Relative proportion of anthropogenic 
greenhouse gases



GHGs emission by sector



CO2 is vital



CO2 Territorial Emission





Storage of CO2 in Geological Formations
1. Depleted oil and gas reservoirs
2. CO2 in enhanced oil and gas recovery
3. Deep saline formations – (a) offshore (b) onshore
4. CO2 in enhanced coal bed methane recovery

3a
2

3b 1 4



GHG emission and sequestration



• "With the possible exception of another world war, a giant 
asteroid, or an incurable plague, global warming may be the 
single largest threat to our planet.”  

  - John Weier, NASA's Earth Observatory. 



Global mean temperatures are rising faster with time



Major effects of global warming



Temperature Increase

• Most of the increase occurred in the last few decades

• 1995-2006 were among the warmest on record

• The number of heat waves have increased

• A temperature increase of 0.2ºC is expected per decade if there is 

no control of emissions

• IPCC predicts that by 2100 temperature will rise 1.8-4ºC 

depending on the emission scenario





What causes sea level to change?

climate.org



Evidence of Global warming

• More warm days

• Melting of snow and ice

• Sea level rise (high confidence)

• Changes in precipitation patterns

• Carbon dioxide increasing in atmosphere

• More frequent extreme weather

• Disappearing Glaciers



Major effects
Rise in temperature

Habitat Damage Food and Water Supply

Rising Sea Level



Increased temperature

• Models indicate that global average surface temperatures will rise 

by 1.5-4.5 oC over the next 100 years.

• Increases will be smallest at the equator and greatest at the poles

• Night temperatures have increased more than day temperatures



So, the earth is suffering from fever…



Changes in Precipitation

➢It is predicted to increase at high latitudes and decrease at low 
and middle
➢Will worsen water shortages near the tropics
➢Away from the tropics heavy precipitation will become more 

frequent       increasing chances of flooding
➢Droughts will become more severe and frequent



Drought

Drought and high temperature 
episodes more often

– rice could be pushed out of some parts of Asia
– some semi-arid areas will become unable to 
support crop production



Storm Flash Flood →



Melting Ice and Snow

• Risks of sudden floods

• Ice dams burst

• Reduction of summertime water supply

• Artic/Antarctic ice surface is decreasing 
– Resulting in larger darker ocean surfaces which capture heat 

and melt the ice faster

– More dark surfaces on Earth reduces the albedo effect (light 
reflection)

– As a result Earth's surface increases in temperature

– Positive: new shipping lanes and possible sites for oil and gas 
exploration



Sea Level Rise

• Most models predict a sea level rise of about 50 cm by 2100

• This will lead to the loss of agricultural land due to flooding by sea 

water and salinization in areas that are newly coastal

• River deltas are some of the most productive agricultural lands





Problems with Rising Sea Levels

• Beach erosion

– Florida, Washington, California, Texas, etc.



• Intrusion of salt water into aquifers

• Loss of wetlands (mangroves)

• Loss of coral reefs

– Bangladesh, Maldives

• Possible evacuations and migration of people

– Island nations of Maldives



Relationship of Climate Change  with agriculture 

Temperature Rise
-Increasing drought

Precipitation change 
-Increase in annual  

  rainfall
- Occurrence of short  

  duration heavy rainfall
-Rainfall at unexpected  

  time

-Crop failure
- Increasing fresh water 

demand

- Crop failure
-Erosion of soil 

- Floods

 



Relationship of Climate Change  with agriculture   

Mega Events 
- Extreme temperatures

Crop failure

Sea Level Rise
- Salinity intrusion 

- River bank erosion
- Coastal erosion 

- Decreasing fresh water 
supply

- Degradation of 
Agricultural  land



Climate change and farming: what you need to know about the IPCC 
report



Heat stress and crop failure

Drastic change in the morphology and physiology of many crop 

plants which affect the production.

E:\01. Important\Nijhum\Experiment Picture\DSC01481.jpg

../../PhD Works/03. Book Chapters/08. BC_Temperature stress/Extreme_temperature_responses_oxidative_stress_and_antioxidant_defense_in_plants.pdf




Changes in Crop Quality

• In general, the higher levels of carbon (CO2) will lead to crops 

(seeds or, in the case of forages, leaves and stems) that are 

higher in carbon and lower in protein.

• On the other hand, material with higher sugar contents will make 

better silage.





Changes in Soil Organic Matter

• Higher temperatures and, higher rainfall levels, will 

accelerate soil organic matter break down

• Low organic matter soils hold few nutrients and are 

more susceptible to drought



Soil Erosion
• In many areas soils will be drier

• Increased equator-to-pole heat flux will mean greater average 

wind speeds



Pests resurgence

• Weeds, diseases, insects will spread from warmer areas into 

formerly cooler ones.

• Warmer winters allow overwintering of larvae in areas where this was 

not possible.

• Increased number of generations possible.

• Longer time for development and feeding and a wider range of pests.



Changes of Grassland Species

• Where dry hot areas become more so there will be a shift from C3 

to C4 species

• In temperate-moist areas increasing CO2 will favor C3 over C4 

species.



Consequences for Poultry and Fish

• Changes in temperature and precipitation could cut breeding 

populations of ducks and other poultries.

• Cold water fish habitat may be reduced and lost 

• Migration/breeding cycles may be disrupted for species that 

depend on temperature signals



Consequences for Livestock production

• Changes in temperature decrease the forage production.

• Heat stress for livestock 

• Habitat for livestock will be declined





Ecosystem Impacts
• Coral death from exposure to 3-4 ºC higher seasonal maximum sea-surface 

temperatures for 6 months or more

• Extensive reduction in Arctic summer sea-ice extent with benefits for 

shipping but adverse effects on sea-ice dependent animals (e.g. polar bears, 

seals, walrus)

• Coastal wetland loss from sea level rise (up to 10% globally for 20 cm rise, 

higher percentages in some areas)

• Increased disturbances of ecosystems by fire and insect pests

• Increase net primary productivity of many mid- and high-latitude forests

• Extinction of some critically-endangered and endangered species





Predicted effects of climate change on 
agriculture over the next 50 years

Climatic element Expected changes by 2050's
Confidence in 

prediction
Effects on agriculture

CO2

Increase from 360 ppm to 450 - 600 ppm 

(2005 levels now at 379 ppm)
Very high

Good for crops: increased 

photosynthesis; reduced water use

Sea level rise

Rise by 10 -15 cm Increased in south and 

offset in north by natural 

subsistence/rebound 

Very high
Loss of land, coastal erosion, flooding, 

salinisation of groundwater

Temperature

Rise by 1-2oC. Winters warming more than 

summers. Increased frequency of heat 

waves

High

Faster, shorter, earlier growing 

seasons, range moving north and to 

higher altitudes, heat stress risk, 

increased evapotranspiration

Precipitation Seasonal changes by ± 10% Low

Impacts on drought risk' soil 

workability, water logging irrigation 

supply, transpiration

Storminess
Increased wind speeds, especially in north. 

More intense rainfall events.
Very low

Lodging, soil erosion, reduced 

infiltration of rainfall

Variability
Increases across most climatic variables. 

Predictions uncertain
Very low

Changing risk of damaging events 

(heat waves, frost, droughts floods) 

which effect crops and timing of farm 

operations



• Higher temperatures and higher CO2 concentrations is improving ecosystems 
productivity 

• Increase photosynthesis for some crop plants

• Melting of Arctic ice is opening the Northwest Passage in summer  

• Increase in temperature due to global warming, is favorable condition for algae 

• Rise in the dense forestation 

• Formation of oil reserves

Potential positive effects



At personal level

Turn off your computer or the TV when you’re not using it.

Take shorter showers.  Heating water uses energy.

Keep rooms cool by closing the blinds, shades, or curtains.                  

Turn off the lights when you leave a room. 

Use compact fluorescent bulbs.



Dress lightly when it’s hot instead of turning off the air conditioner or use a fan.

Dress warmly when it’s cold instead of turning up the heat.

Offer to help your parents keep the air filters on your AC and furnace clean.

Walk short distances instead of asking for a ride in the car.

Plant a tree.                      
Recycle.





➢ International agreement to fight global warming, although 
signatories are committed to reduce green house gas emission.

At National and International level



Human development:

• Improved access to education, nutrition, health facilities, 

energy, safe housing & settlement structures, & social 

support structures; 

• Reduced gender inequality & marginalization in other 

forms.



Poverty alleviation

• Improved access to & control of local resources; 

• Land tenure; 

• Disaster risk reduction; 

• Social safety nets & social protection; 

• Insurance schemes.



Livelihood security:

• Income, asset & livelihood diversification; 

• Improved infrastructure; 

• Access to technology; 

• Increased decision-making power; 

• Changed cropping, livestock & aquaculture practices; 

• Reliance on social networks.



Disaster risk management

• Early warning systems; 

• Hazard & vulnerability mapping; 

• Diversifying water resources; 

• Improved drainage; 

• Flood & cyclone shelters; 

• Building codes & practices; 

• Storm & wastewater management; 

• Transport & road infrastructure improvements.



Ecosystem management

• Maintaining wetlands & urban green spaces; 

• Coastal afforestation; Watershed & reservoir management; 

• Reduction of other stressors on ecosystems & of habitat 

fragmentation; 

• Maintenance of genetic diversity; 

• Manipulation of disturbance regimes; Community-based natural 

resource management.



Spatial or land-use planning

• Provisioning of adequate housing, infrastructure & services; 

Managing development in flood prone & other high risk areas; 

Urban planning & upgrading programs; Land zoning laws; 

Easements; Protected areas.



Institutional

• Economic options: Financial incentives; Insurance; Catastrophe bonds; Payments 
for ecosystem services; Pricing water to encourage universal provision and careful 
use; Microfinance; Disaster contingency funds; Cash transfers; Public-private 
partnerships.

• Laws & regulations: Land zoning laws; Building standards & practices; 
Easements; Water regulations & agreements; Laws to support disaster risk 
reduction; Laws to encourage insurance purchasing; Defined property rights & land 
tenure security; Protected areas; Fishing quotas; Patent pools & technology transfer.

• National & government policies & programs: National & regional adaptation 
plans including mainstreaming; Sub-national & local adaptation plans; Economic 
diversification; Urban upgrading programs; Municipal water management programs; 
Disaster planning & preparedness; Integrated water resource management; 
Integrated coastal zone management; Ecosystem-based management; Community-
based adaptation.



Social
• Educational options: Awareness raising & integrating into education; 

Gender equity in education; Extension services; Sharing indigenous, 

traditional & local knowledge; Participatory action research & social 

learning; Knowledge-sharing & learning platforms.

• Informational options: Hazard & vulnerability mapping; Early warning & 

response systems; Systematic monitoring & remote sensing; Climate 

services; Use of indigenous climate observations; Participatory scenario 

development; Integrated assessments.

• Behavioural options: Household preparation & evacuation planning; 

Migration; Soil & water conservation; Storm drain clearance; Livelihood 

diversification; Changed cropping, livestock & aquaculture practices; 

Reliance on social networks.



Carbon 
dixoide

Multi-stress response and tolerance research should be 
increased



Climate Change and Bangladesh



Bangladesh the worst sufferer

Bangladesh-most vulnerable countries of the world. 

Negligible gas emissions - worst victim. 



Dutch Deltacommittee                 
55-110 cm by 2100                         
1.5-3.5 m  by 2200                           

Cost: 100-180 billion EURO                    
(to be funded by export of gas)

http://www.deltacommissie.com

Sea level

Will last for > 1000 yr



Water logging

Drought

Flood

Cyclone Storm surge, salinity

Bank erosion

Hazards Bangladesh faces 

Bank Erosion



Drought Prone Areas in Bangladesh 
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Recent Experiences

• Cyclone –SIDR’2007

• Cyclone – AILA’2009

• Recurring Floods

• Desertification of North, North-west and 

South-west of Bangladesh

• Intrusion of saline water  



Health, Nutritional & Agricultural Challenges 

• Arsenic contamination poses major threat to health;

• Increased malnutrition among the poor contribute to the spread of communicable 
and non-communicable diseases



• Increased incidence of different degenerative diseases due to 

salinity intrusion;    

• Country is now largely food secure – but limits of rice cultivation 

has been reached in dry period with  ground water irrigation;









Why Bangladesh is vulnerable?

Bangladesh is one of the most vulnerable countries

because of its

• geographic location; 

• flat and low-lying topography; 

• high population density; 

• reliance of many livelihoods on climate sensitive sectors, 
particularly agriculture and fisheries;

• corruption? 



Recent Success

• Bangladesh has already developed salinity tolerant, flood tolerant 
and shorter maturity varieties of rice. This will help in the short 
run.

• Extensive agricultural extension services are needed to make 
these varieties available to the farmers.

• But this is only the beginning: more varieties and appropriate 
ecosystem-based agricultural system need to be developed and 
popularized;



• There is no country that is not experiencing the drastic effects of 

climate change. Greenhouse gas emissions are more than 50 

percent higher than in 1990.

• The annual average economic losses from climate-related 

disasters are in the hundreds of billions of dollars. 

• This is not to mention the human impact of geo-physical 

disasters, which are 91 percent climate-related, and which 

between 1998 and 2017 killed 1.3 million people, and left 4.4 

billion injured. 

• The goal aims to mobilize US$100 billion annually by 2020 to 

address the needs of developing countries to both adapt to 

climate change and invest in low-carbon development.



Facts and Figures



Balancing the act

+ ADAPTATIONMITIGATION
MITIGATION

ADAPTATION



1. Agronomic management

2. Water harvesting and exploitation

3. Water Use efficiency

4. Crop intensification

5. Alternative crop enterprises

6. Post harvest practices

Typology of adaptation options
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