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Global Sea Level Rise Scenarios for the 
United States National Climate 
Assessment 
December 2012

Projections of global mean sea level rise

Parris et al. (2012)
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Crops vulnerable to rising 
temperature
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Insect Pests

© Ralph Berry OSU

Canadian Ministry of Forests

European black slug

Woolly sawfly 
 European slugs:  New to 

Alaska, now flourishing from 
Kenai to Interior

 Aphids:  Growth increases 
exponentially with temperature

 Birch leaf roller, birch leaf 
miner, larch saw fly, aspen 
leaf miner (Glenn Juday, Professor of 
Forest Ecology, UAF)

 Woolly sawfly:  Longer growing 
season can allow two life cycles 
within one year

Warmer conditions can allow or 
worsen a variety of pest infestations: 

Impacts in Alaska
3. Wetlands and Forests

Plants stressed by heat or drought 
are more susceptible
(Michael Rasy, IPM, UAF Coop. Ext.)



How will beneficials and pests respond to 
climate change and CO2?
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Potential Effects of Rising Temperature on Plant Disease

Wheat has been found to 
be more susceptible to 

rusts at higher 
temperatures
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Climate change and land clearing threatens 800 native plant types



Percentage global crop yield loss (present to 2050)





World Population 
Present = 7.7 billion

2050 = 9.7 billion

2100 = 11 – 17 billion

More than 70 % of the world 
population growth between 2010 –
2050 will occur in 24 of the world 

poorest countries 



Climate Migrants

• Professor Myers of Oxford University. Looking ahead to 
2050 he has argued that “when global warming takes 
hold there could be as many as 200 million people
[displaced] (climate migrants)

• This would mean that by 2050 one in every 45 people 
in the world would have been displaced by climate 
change

• Other estimates suggest a range between 200 Million 
to One Billion. 







Climate change



What does the future hold?

• Issue will be brought up later this year at COP21 in 
Paris

• UN Advisory Group on Climate Change and Human 
Mobility has pledged to provide technical 
assistance to countries

• Current refugee crisis in Europe a ‘rehearsal’ for 
the climate refugee crisis?
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• Remote sensing, GIS/GPS

• Biotechnology/genetic engineering.

• Genetic and Proteomics (Gene mining …etc).

• Simulation modeling

• Information Technology/ Expert System/ Advanced 

artificial intelligence

• Renewable energy: solar, wind, biofuel

• New energy-saving techniques for desalination 

and water transportation

• Nanotechnology, (Biosensors – Bioprocessing –

Nanomaterials). Prof. Adel El-Beltagy, Copenhagen, COP15

http://www.csb.yale.edu/userguides/graphics/ribbons/help/dna_rgb.gif
http://www.csb.yale.edu/userguides/graphics/ribbons/help/dna_rgb.gif


A. New Genetic Makeup

- Varieties etc. (Heat & Drought Tolerance)

- Tolerance to biotec and abiotec stresses

B. New Agro management Techniques
on farm

- Irrigation & Nutrition etc..

Massive Program of HRD
Capacity Building

Know
ledge 

Know
ledge 

Elbeltagy, 2010IDDC
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G E P Y

(G) Genotype (P) People
Agromanagement tech.

(E) Environment (Y) Yield
Productivity



With complete access to the ordered sequence of all 21 wheat chromosomes, the context of 
regulatory sequences, and the interaction network of expressed genes, breeders and researchers 
now have the ability to rewrite the story of wheat crop improvement.



Gene families of wheat. 
(A)Heatmap of expanded and contracted gene families. Columns correspond to the individual 
gene families. Rows in the top panel illustrate the sets of gene-family expansions (++, red) and 
contractions (––, blue) found for the wheat A lineage (Triticum urartu and A subgenome); the D 
lineage (Aegilops tauschii and D subgenome); the A, B, or D subgenomes; or bread wheat 
(expanded and contracted in all subgenomes). 

(B)All enriched TO terms for the gene families depicted in (A). Overrepresented TO terms were 
found for expanded families in bread wheat (all subgenomes, red), the B subgenome (green), 
and the A lineage (T. urartu and A subgenome, blue) only, respectively. The x axis represents the 
percentage of genes annotated with the respective TO term that were contained in the gene set 
in question. The size of the bubbles corresponds to the P (−log10) significance of expansion.



Bread wheat: combining yield potential and 
drought tolerance

Wheat trials at Tel Hadya: new genotypes that combine drought tolerance with high 
yield potential and input responsiveness, 2010/2011



Egyptian scientists produce drought-tolerant GM 
wheat at (AGERI)



Drought resistance corn (US)

Dekalb/Pioneer hybrid, August 2011





• Agricultural and food system security, Food quality 

control

• Smart delivery system (pesticides, nutrition, drugs) 

• Biological labels and imaging

• New tools for molecular and new cellular biology

• New materials for pathogen detection and environment 

protection

• Microarrays: genes and proteins

• Nanoparticle complexes of DNA, peptides, ATP,…

• Molecular machines and devices
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Annual Mean Precipitation Change:  2071 to 2100 Relative to 1990





Annual renewable water share
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Population growth and per capita water share in Egypt (m3/year)
* http://www.idrc.ca/









NFT and hydroponics







SDG's

ParisSendai

2015









Susceptibility



Vulnerability



Lack of Coping Capacities



Lack of Adaptive Capacities





Cumulative marginal effects for precipitation and temperature across all seasons (winter, spring, summer, fall) were
evaluated at long-term (1961–2000) mean conditions for each location (grid cell). Changes in the odds ratio per unit
change in seasonal precipitation (10mm/month) and temperature (°C) are averaged across all six cropland models.
Positive marginal effects (Q > 1) are shown in yellow-to-red colors, and negative marginal effects (Q < 1) in green-to-
blue colors. For instance, Q = 1.1 indicates that the odds of land being used for cropping increases by 10% if the long-
term mean monthly precipitation increases by 10mm (120mm/year). Increases in precipitation have a positive effect
on croplands (left) in subtropical regions (10–20° N and 20–30° S) whereas they are neutral or negative in tropical
regions. For temperature, increases in seasonal temperature have negative effects for most of the African continent,
with the exception of mild positive effects in parts of southern Africa.

Policy Research Working Paper 4289, World Bank 2007



Regional Impacts of Climate Change
Impacts on Africa
• Africa may be the most vulnerable continent to climate variability and 

change because of multiple existing stresses and low adaptive capacity. 
Existing stresses include poverty, food insecurity, political conflicts, and 
ecosystem degradation.

• By 2050, between 350 million and 600 million people are projected to 
experience increased water stress due to climate change. Urban 
population is also projected to triple, increasing by 800 million people, 
complicating urban poverty and access to basic services.

• Climate variability and change is projected to severely compromise 
agricultural production, including access to food, in many African 
countries and regions.

• Toward the end of the 21st century, projected sea level rise will likely 
affect low-lying coastal areas with large populations, including Senegal, 
Liberia, and Mozambique.

• Climate variability and change can negatively impact human health. In 
many African countries, existing health threats – such as malnutrition, 
malaria and other vector-borne diseases -- can be exacerbated by climate 
change.

Source: International Panel on Climate Change  2014 www.ipcc.ch



Impacts on Asia
• Glaciers in Asia are retreating at faster rates than ever documented in 

historical records. Some glaciers currently cover 20% of the land that they 
covered a century ago. Melting glaciers increase the risks of flooding and 
rock avalanches from destabilized slopes.

• Climate change is projected to decrease freshwater availability, especially 
in central and southeast Asia, particularly in large river basins. With 
population growth and increasing demand from higher standards of living, 
this decrease could adversely affect more than a billion people by 2050.

• Increased flooding from the sea and, in some cases, from rivers threatens 
coastal areas, especially heavily populated delta regions in south and 
southeast Asia.

• The impacts of climate change on crop yields are likely to vary drastically 
depending on region, crop type, and regional changes in temperature and 
precipitation. For example, by the mid-21st century, climate change could 
increase crop yield up to 20% in east and southeast Asia, while decreasing 
yield up to 30% in central and south Asia.

• Sickness and death due to diarrheal disease will likely increase in east, 
south, and southeast Asia due to projected changes in the hydrological 
cycle associated with climate change.

Source: International Panel on Climate Change  2014 www.ipcc.ch

Regional Impacts of Climate Change



Impacts on Europe
• Wide-ranging impacts of climate change are already being documented in 

Europe, including retreating glaciers, sea level rise, longer growing 
seasons, species range shifts, and heat wave-related health impacts.

• Future impacts of climate change will likely negatively affect nearly all 
European regions, with adverse social, health, and infrastructure effects. 
Many economic sectors, such as agriculture and energy, could face 
challenges.

• In southern Europe, higher temperatures and drought may reduce water 
availability, hydropower potential, summer tourism, and crop productivity, 
hampering economic activity more than other European regions.

• In central and eastern Europe, summer precipitation is projected to 
decrease, causing higher water stress. Forest productivity is projected to 
decline. The frequency of peatland fires is projected to increase.

• In northern Europe, climate change is initially projected to bring mixed 
effects, including some benefits such as reduced demand for heating, 
increased crop yields, and increased forest growth. However, as climate 
change continues, negative impacts are likely to outweigh benefits. These 
include more frequent winter floods, endangered ecosystems, and 
increasing ground instability from thawing permafrost.

Source: International Panel on Climate Change  2014 www.ipcc.ch

Regional Impacts of Climate Change



Impacts on Australia and New Zealand
• Water security problems are projected to intensify with a 1°C global average warming in 

southwestern and southeastern Australia, and in the northern and some eastern parts of 
New Zealand.

• Biodiversity within some ecologically rich sites, including the Great Barrier Reef and 
Queensland Wet Tropics, will be at significant risk by 2050.

• Sea level rise and more severe storms and coastal flooding will continue to affect coastal 
areas. Coastal development and population growth in areas such as Cairns and Southeast 
Queensland (Australia) and Northland to Bay of Plenty (New Zealand), would place 
more people and infrastructure at risk.

• Increased drought and fire are projected to cause declines in agricultural and forestry 
production over much of southern Australia and the northern and eastern parts of New 
Zealand.

• Cascading and interacting economic, social, and daily life circumstances have 
accompanied prolonged drought in rural regions. Drought-related worry and 
psychological distress increased in drought-declared Australian regions, particularly for 
those experiencing loss of livelihood and industry. Long-term drought has been linked to 
increased incidence of suicide among male farmers in Australia. 

• Extreme storm events are likely to increase the failure of dikes, levees, drainage, and 
sewerage systems. They are also likely to increase the damage from storms and fires.

• More heat waves are likely to cause more deaths and more electrical blackouts.
• Indigenous populations are more exposed the risks of climate change than most other 

Australians and New Zealanders.

Source: International Panel on Climate Change  2014 www.ipcc.ch

Regional Impacts of Climate Change



Impacts on Central and South America
• By mid-century, increases in temperature and decreases in soil moisture are 

projected to cause savanna to gradually replace tropical forest in eastern 
Amazonia.

• In drier areas, climate change will likely worsen drought, leading to salinization 
(increased salt content) and desertification (land degradation) of agricultural 
land. The productivity of livestock and some important crops such as maize and 
coffee is projected to decrease in some areas, with adverse consequences for 
food security. In temperate zones, soybean yields are projected to increase.

• Sea level rise is projected to increase risk of flooding, displacement of people, 
salinization of drinking water resources, and coastal erosion in low-lying areas. 
These risks threaten fish stocks, recreation, and tourism.

• Changes in precipitation patterns and the melting of glaciers are projected to 
significantly affect water availability for human consumption, agriculture, and 
energy generation.

• Climate change and land use changes are expected to increase the rates of 
species extinction.

• Warmer weather, milder winters, and changes in precipitation may increase 
incidence of some vector-borne diseases, such as the chikungunya virus, which 
is transmitted by mosquitoes.

Source: International Panel on Climate Change  2014 www.ipcc.ch

Regional Impacts of Climate Change



Impacts on North America
• Warming in western mountains will decrease snowpack, increase winter 

flooding, and reduce summer flows, exacerbating competition for over-
allocated water resources.

• Disturbances from pests, diseases, and fire are projected to increasingly affect 
forests, with extended periods of high fire risk and large increases in area 
burned.

• Moderate climate change in the early decades of the century is projected to 
increase aggregate yields of rain-fed agriculture in northern areas, but 
temperature increases will reduce corn, soy, and cotton yields in the Midwest 
and South by 2020. Crops that are near the warm end of their suitable range or 
that depend on highly utilized water resources will likely face major challenges. 
High emissions scenarios project reductions in yields by as much as 80% by the 
end of the century.

• Increases in the number, intensity, and duration of heat waves during the course 
of the century are projected to further challenge cities that currently experience 
heat waves, with potential for adverse health impacts and increased stress on 
energy systems. Older populations are most at risk.

• Climate change will likely increasingly stress coastal communities and habitats, 
worsening the existing stresses of population, development, and pollution on 
infrastructure, human health, and the ecosystem.

Source: International Panel on Climate Change  2014 www.ipcc.ch
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Impacts on Polar Regions
• Climate changes will likely reduce the thickness and extent of glaciers and ice 

sheets.
• Changes in natural ecosystems will likely have detrimental effects on many 

organisms including migratory birds, mammals, and higher predators as marine 
species shift their ranges.

• In the Arctic, climate changes will likely reduce the extent of sea ice and 
permafrost, which can have mixed effects on human settlements. Negative 
impacts could include damage to infrastructure and changes to winter activities 
such as ice fishing and ice road transportation. Positive impacts could include 
more navigable northern sea routes.

• The reduction and thawing of permafrost, sea level rise, and stronger storms 
may worsen coastal erosion and disrupt both natural and social systems.

• Climate change effects—such as increases in coastal erosion, changes in the 
ranges of some fish, increased weather unpredictability—are already disrupting 
traditional hunting and subsistence practices of indigenous Arctic communities, 
and may force relocation of villages.

• Terrestrial and marine ecosystems and habitats are projected to be at risk to 
invasive species, as climatic barriers are lowered in both polar regions.

Source: International Panel on Climate Change  2014 www.ipcc.ch
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Impacts on Small Islands
• Small islands, whether located in the tropics or higher latitudes, are 

highly vulnerable to extreme weather events, changes in sea level, 
increases in air and surface temperatures, and changing rainfall patterns.

• Deterioration in coastal conditions, such as beach erosion and coral 
bleaching, will likely affect local resources such as fisheries, as well as 
the value of tourism destinations.

• Sea level rise is projected to worsen inundation, storm surge, erosion, 
and other coastal hazards. These impacts would threaten vital 
infrastructure, settlements, and facilities that support the livelihood of 
island communities.

• By mid-century, on many small islands (such as the Caribbean and 
Pacific), climate change is projected to reduce already limited water 
resources to the point that they become insufficient to meet demand 
during low-rainfall periods.

• Invasion by non-native species is projected to increase with higher 
temperatures, particularly in mid- and high-latitude islands.

Source: International Panel on Climate Change  2014 www.ipcc.ch
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Source: 46th session of IPCC, Montreal, Canada. Sep. 2017(AR6 Report)
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Monitor our planet's vital signs, such as sea level height, atmospheric carbon 
dioxide concentration and Antarctic ozone. Trace the movement of water around 
the globe using the gravity map from NASA's GRACE satellites. Spot volcanic 
eruptions and forest fires using the carbon monoxide vital sign. Check out the 
hottest and coldest locations on Earth with the global surface temperature map.

Eye’s On Earth (NASA)

The California Institute of Technology ©2016



Conceptual diagram showing how vegetation structures, climate changes, and 
human activities influence ecosystem functioning (e.g., productivity, carbon 

sequestration, and biodiversity), which are the foci of this special feature. 

Jingyun Fang et al. PNAS doi:10.1073/pnas.1700304115

©2018 by National Academy of Sciences





AI In Agriculture





Cumulative marginal effects for precipitation and temperature across all seasons (winter, spring, summer, fall) were
evaluated at long-term (1961–2000) mean conditions for each location (grid cell). Changes in the odds ratio per unit
change in seasonal precipitation (10mm/month) and temperature (°C) are averaged across all six cropland models.
Positive marginal effects (Q > 1) are shown in yellow-to-red colors, and negative marginal effects (Q < 1) in green-to-
blue colors. For instance, Q = 1.1 indicates that the odds of land being used for cropping increases by 10% if the long-
term mean monthly precipitation increases by 10mm (120mm/year). Increases in precipitation have a positive effect
on croplands (left) in subtropical regions (10–20° N and 20–30° S) whereas they are neutral or negative in tropical
regions. For temperature, increases in seasonal temperature have negative effects for most of the African continent,
with the exception of mild positive effects in parts of southern Africa.

Policy Research Working Paper 4289, World Bank 2007



Policy Research Working Paper 4289, World Bank 2007

Long-term (2010–2039) changes in cropland share (in percent) arising from changes in seasonal  temperature and precipitation 
patterns are estimated from an ensemble of seven AOGCMs (top right panel). Cropland sensitivities are based on the SAGE 
cropland model (for summary of other cropland models see Table 4). Actual (current) and modeled distribution of cropland 
share (percent) based on the SAGE data are shown in the left and center panels, respectively. Cropland share in subtropical 
regions (10–15° N and 15–30° S) is expected to increase, whereas croplands in tropical regions are expected to decrease, in 
particular in tropical eastern Africa (Great Lakes region).





























Source: 46th session of IPCC, Montreal, Canada. Sep. 2017(AR6 Report)
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 Global classification masks the regional
differences.

 Regional classification masks the sub-
regional differences.

 National classification masks the different
agro-ecology

“Need to navigate across scales”



Global Assessment

Regional Assessment

Local Assessment

Mitigation

Resilience

Adaptation





Transfer and
Adaptation

Up-scaling and
Extrapolation

GIS +
Bio-economic ModelingGIS

Integrated 
Research Site

Similar environment Different environment



Linking global to regional climate change 

• Regional phenomena, drivers, feedbacks and teleconnections 
• Regional scale observations and reanalysis 
• Interplay between internal variability and forced change at the 
regional scale, including attribution 
• Evaluation of model improvements, methods, including 
downscaling and bias adjustment and regional specificities 
• Confidence in regional climate information, including 
quantification of uncertainties 
• Scale specific methodologies e.g. urban, mountains, coastal, 
catchments, small islands 
• Approaches to synthesizing information from multiple lines of 
evidence 

Source: 46th session of IPCC, Montreal, Canada. Sep. 2017(AR6 Report)



IPCC will meet in 
Korea on 1-5 October 
2018.
It is projected that 
IPCC AR6 Synthesis 
Report will be 
finalized by the first 
half of 2022.







2007 Nobel peace Laureate:
Al Gore

Movie: An Inconvenient truth

Movie: The day after tomorrow













Emperor and Empress of Japan











Global Assessment

Regional Assessment

Local Assessment

Mitigation

Resilience

Adaptation



 Assessment of climate change scenarios
on regional & local levels (Navigation
through/and across scale.

 Rapid transition to intersectoral thinking
institution building. Planning, and
policymaking for responsible sustainable
[agricultural aquaculture, fisheries, etc].

 Coping with uncertainty – ‘shifting
baselines’.

 Increased investment in research
and information system.



Source: 46th session of IPCC, Montreal, Canada. Sep. 2017(AR6 Report)

The Decision Cycle

Decision 
Cycle

(Re) assess climate 
affected decisions 
and overall goals  

Potential impact 
within decision 

lifetime

Adaptation options 
and risk 

minimization

Select preferred 
option, implement 

and monitor





Ms. Mizutori, “…Not all countries have the 
necessary capacity to fulfill their responsibilities 

under the Sendai Framework in accessing, 
compiling and reporting back on the data necessary 

to measure our achievement.



1. A. In collaboration with existing platforms and mechanisms, RACC 
aims at encouraging, supporting, initiating local and regional 
assessments for the impact of climate change in the developing world.
B. Helps through its networks and the means to identify the gaps and 
shed light on the way to bridge it.

1. Work with advanced institutions and leading entities in this field to 
support and interact with the developing countries in order to enhance 
and enrich the capacity building processes. In order to enable them to 
participate effectively in developing and continuously revising the 
regional and local assessment.

2. Finding the means to enhance the establishment of regional platforms 
for disaster risk reduction.

3. Support and empower, through its network, the enhancement of coping 
and adaptive capacities in the developing world.

4. Within the context of science and technology global platform of STS, 
RACC will play a role in accelerating the use of science and 
technology innovative results in strengthening the coping and adaptive 
actions and plans in the framework of regional assessments.



Risks of 
climate change

FinanceKnowledge

Lack of 
Knowledge

Hunger

Disability

Marginalization
Water Resources 

stress

Low standards 
of living

Lack of finance

Cooperation is the way forward for stability and prosperity for 
humanity

Developed Countries

Developing Countries
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Source: 46th session of IPCC, Montreal, Canada. Sep. 2017(AR6 Report)
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