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! (Course Description:

; [This course examines the global challenges affecting food production, focusing on current issues (Food Secusity)

! fhat illustrate these challenges. Students will investigate a tange of topics including earthquakes, climate change,

! fwater scarcity, energy, and environmental aspects, regional disparities in the abilify to meet basic human nceds, and
! rotection of the natural environment in an attempt to help students to appreciate the natural resources, to provide

! them with some historical perspective on the present status of the planetary environment: to give students
bpportunities to analyze specific environmental quality issues and to familiarize them with the ideas and practices

} jof managing resources and 1 o the principles of sustainable development

! (Grading

| « Exam (Dec. 15.2025).. - S - 20%

i | » Oral Exam (Dec.29,2025) oo e YR

|+ Term paper (Dec. 29,2025) .............. . 20% (How to write  term paper?)
+ Final Exam 50%

{Course Notes in pdf (Download)

INTRODUCTION

[L. Climate Change (variation): (presentation in pdf) (Video)
1.1 Causes, evidence
1.2 Greenhouse effect
1.3 Global warming
1.4 Sea level rise
2. Plate tectonics, Earthquakes, Tsunami
2.1 Plate tectonics
Origin of Earth, Earth cross section, Types of plate boundaries
22 Earthquakes
Forces, Seismic waves, Magnitude, Seismograph, Distribution
23 Tsunami

[

Mid Term Exam (Dec. 15, 2025) ...ccceeeeeeee. 20%
Oral Exam (Dec. 29, 2025) .....ccccceeeevvrccccnnnnnees 10%

Term paper (Dec. 29, 2025)....ccceeeeeenennens

Final EXam ........ccftedllEE .. .. caad8secescods
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Significant Environmental Issues

Climate Change 7. Desertification

Global Warming 8. Energy Scarcity

Plate tectonics 9. Volcanic hazards

Earthquakes 10. Mass Wasting

Water Scarcity 11. Diseases

12. Overpopulation

Pollution Jff |

BoRp— l"

. Climate Change: Course Syllabus

Causes, evidences, greenhouse gases, sea level rise.
. Plate tectonics and earthquakes
1.1 Plates and Plate Motion
2.1 Causes of Earthquakes and Seismic Waves
. Water Issues:
3.1 Water cycle and global water balance
3.2 Water scarcity
3.3 Water pollution
3.4 Water resources in Africa
3.5 Water resources in the Arab World
3.6 Water scarcity
3.7 Water resources in Egypt, Nile, High Dam
. Transboundary issues in the Nile Basin:
4.1 Water challenges in Ethiopia
4.2 Ethiopian Renaissance Dam
4.3 Water Agreements
. Pollution
. Desertification issues: Zal
5.1 Drought, deforestation, overgrazing, urbanization. ;ﬁ

5.2 Sand dune encroachment. ! :
. Energy Resources issues: el
6.1 Non-renewable energy resources (fossil oil, natural gas, coal, uranium).

6.2 Renewable energy resources (solar, wind, geothermal, hyderear power).
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Climate Change

UN CLIMATE CHANGE CONFERENCE (UNFCCC)

Conference of the Parties (COP)
COP27: Sharm El-Sheikh, Egypt (Africa) 2022
COP28: Dubai, UAE, (Asia) 2023
COP29: Baku, Azerbaijan, (E. Europe & W. Asia) 2024
COP30: Belém, Brazil, (S. America) 2025

Climate Chafige
Variation, Fluctuation, Os¢illation

* Climate is the average of weather over long many years
(~30 years)

* Weather is the changes of the climatic elements in the
atmosphere over a short period of time (minutes to
months).

Climate is what you expect

weather. is what you get.
* Climate Change YO

It is a shift in those average conditions over decades
millions of years. '
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MERCURY
URAMU

Blue Planet, Water (vapor, liquid, solid), Atmosphere (GHG).
Goldilocks Planet

Neither too hot nor too cold for liquid water

Natural Causes of CIi#ifa‘tqﬂChange

« Strength of the Sun
Outer * The energy output of the Sun is not constant:
Factors * it varies over time and this has an impact on climate.
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11-year cycle of maximum and minimum
activity sunspots (3000°C) surrounded by 6000°C

- The sun was responsible for 50% of 20" century warming.
= Corona Mass Ejection (CME), (Oct. 28, and Nov. 25, 2021)
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Natural Causes of Clirﬂéié;..Change

Outer « Strength of the Sun . F
Factors » Meteorite impact

Locations of terrestrial impact craters.
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~ Meteor Impacts
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Natural Causes of Climate Change

Meteorite impacts

Large impacts can cause a range of effects that include dust
and aerosols being ejected high into the atmosphere that
prevent sunlight from getting through and cause global
temperatures to fall.

After the dust and aerosols fall back to Earth, the greenhouse
gases (CO,, water and methane), caused by the interaction of
the impactor and its 'target rocks’, remain in the atmosphere

and can cause global temperatures to increase. ;:l!‘* |
£

Natural Causes of Climiatel€hange

Outer
Factors

« Earth’s orbit, rotation tilt

* Atmosphere

* Plate tectonics (Earthquakes and volcanics)
* Latitudes

* Altitude and albedo

* Water bodies (Ocean currents)

* Plant cover

Earth
Factors
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Natural Causes Eccentricity Cycle ¢S <l <3yl

---.-------------:---=====’

Changes from a more circular route to a more elliptical
one on cycle of about 90,000 to 100,000 years.

Natural Causes of CIir#éte,Change
Orientation of the Earth’s axis of rotation (tilt) (precession) @

22.1°

41,000 years

(23.5° ) When the angle increases
the summers become warmer
and the winters become colder.

Earth also wobbles on its axis of

rotation (precession _

10



Natural Causes of Clifate Change

Orientation of the Earth’s axis of rotation (tilt) (precession)

(23.5° ) When the angle increases
the summers become warmer
and the winters become colder.

Earth also wobbles on its axis of
rotation (precession)

Natural Causes of Clifiate Change

Outer
Factors

« Earth’s orbit, rotation tilt

* Atmosphere

* Plate tectonics (Earthquakes and volcanics)
* Latitudes

* Altitude and albedo

* Water bodies (Ocean currents)

* Plant cover

Earth
Factors

11/27/2025
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600Km Greenhouse Effect

180km

Some of the reflected infrared

160Kkm Somentraulolet and radiation is trapped in the
light radiation is reflected atmosphere by greenhouse
Sun by the Earth and gas molecules. The effect of this
140km the atmosphere. is to warm the Earth's surface and

the lower atmosphere.

120km

The Sun's
ultraviolet and
light radiation
pass through

Atmosphere

100km

i the clear
atmosphere.
G0km
ik Most radiati . ared radiation
by the Earth’s surface, converting the ground, and
ultraviolet radiation into some i itted from the
e o infrared radiation. Earth’s s e.

Source: U.S. Department of State
® |Infobase Publishing

Natural Causes of CIir?latQ Change

Outer » Strength of the Sun
Factors » Meteorite impact

« Earth’s orbit, rotation tilt
* Atmosphere

* Plate tectonics (Earthquakes and volcanics)
e Latitudes

* Altitude and albedo

* Water bodies (Ocean currents)

* Plant cover

Earth
Factors

12
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Climate Change through Paleocene-Eocene
Global circulation T
patterns of air and iy )
ocean water.

Northern Hemisphere
has warmed more than
the Southern Hemisphere.

Location of coal mines

D. 50 Million Years Ago (Early Cenozoic)
Paleocene-Eocene Thermal Maximum (PETM) — No ice

Hawaii

Marquesas

Heunlon
=

)
__ .Grozel

& i ®
St Marion Kerguelan
Bouvet

13



Dec. 26, 2004

283,000
deaths

Sumatra- Andaman earthquake (9.0 to 9.3).

largest seismic event on Earth in more than 50 years

Ozone Destruction
H'NC)'3
ClO—» 03

Stratosphere
hv Albedo

Photochemistry & OH
Injection Dispersion C[ON02
e HCI \

SO,—H, SO Aerosols (ash < dust)

Circulation
' Cirrus Cloud e
Acid Rain Nucleation

Troposphere

1816 “year without a summer, Mount Tambora, Indonesia
1883 Krakatau, Indonesia; 1991 eruption of Mount Pinatubo, Philippines

S Nucleation | Condensatlon, l
o Coagulation Sedimentation,

11/27/2025
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La Palma: Oct. 26, 2021

B -

Natural Causes of CliMiate/Change

Outer
Factors

« Earth’s orbit, rotation tilt

* Atmosphere

* Plate tectonics (Earthquakes and volcanics)

* Latitudes (Equatorial — Tropical — Polar Regions)

* Altitude and albedo

* Plant cover (Forests — Savanna — Deserts)

* Water bodies (Ocean currents, El Nifo, La Ninzi)ﬁ';ﬁ :

Earth
Factors

o -

15
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ELNifio T o >~ TN aAe
El Nifio-Southern O'sci]!étion (ENSO) cycle ﬂ-,.- -: % ~£f
El Nifio occurs m(__)refré’q‘uept_ly;,thar_l_. La Nifigs W

_- _ﬂ_;_ i ;=_j€.'..: 5 s 5{ P,

Warmer == -—fgeesnsas -~

4 R : - @ dry, sinking air
-~ — e = = = I:J warmer than average
B . I:l cooler than average
La Nina

= = — - woaa CHmate. gov

Era Period Age(my)

Quaternary

1.6
Cenozoit
Tertiary

Dinasours
e J Cretaceous =
Extinctions through

Mesozoic Jurassic

Phanerozoic (600 Ma) Triassiac

245
Permian
286—
Pennsylvanian
320—
Mississippian
Paleozoic . 360
Devonian
08—
Silurian
438
Ordovician
508
Cambrian
570—

Precambrian

— - {inctions
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The Pleistocene Ice Agé% (1.8 Ma)

Interglacials

* Icetoday covers 3% of Earth’s surface

o180

~

Sealevelwas -133m
Ice 8% of Earth’s land area
[

I [ I I I I
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USGS

—— Temperature in degrees centigrade (compared with —6°
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@ Infobase Publishing
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Sea Levels for 450,000 Years

Present rate is 1.8 + 0.3 mm/yr

Sea Level (m)

450 400 350 300 250 200 150 100 50
Time (KYBP)

Gl

Why will sea level rise as the'€limiate warms?

#
* Melting of sea ice and glaciers: 4

What is the difference between sea ice and glaciers?

Sea ice forms and melts strictly in the ocean whereas
glaciers are formed on land.

* Thermal expansion of seawater

i.e., the fact that seawatevxpands as it warm

18
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Why are glaciers melting?
* Natural increase in Earth’s surface temperature.

* Human activities:

Since the early 1900s, many glaciers around the world
have been rapidly melting. Specifically, since the
industrial revolution, carbon dioxide and other
greenhouse gas emissions have raised temperatures, even
higher in the poles, and as a result, glaciers are rapldly
melting, calving off into the sea. f‘ |

What are the effects of melting glaciers on
sea level rise?

* Increasing coastal erosion. .

* More frequent and intense coastal storms [ s w
like hurricanes and typhoons.

* Disrupting weather patterns worldwide.

* Coastal communities face billion-dollar disaster recovery bills.

b

19



Why are glaciers important?

Ice acts like a protective cover over the
Earth and our oceans. These bright
white spots reflect excess heat back
into space and keep the planet cooler.

Today, about 10% of land area on Earth
is covered with glacial ice

(91% Antarctica -55°C, 8% Greenland)

11/27/2025

The location of
glaciers worldwide

91%

Most of the world’s glaciers are in Antarctica. Glaciers are mamly found near the poles,

but glaciers exist on all the world’s continents

20
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ANTARCTIC ICE SHEET

4

What is the difference between sea ice and glaciers?

Why does ice float on water?

What will happen to the surface of the water when all ice
pieces melt?

» Will go up
» Will not change
» Will go down

When the ice was floating, the volume of water
displaced has the mass equal to that of ice.

After melting, that mass of ice has been converted
into water. i

21



OCEAN ACIDIFICATION

How WILL CHANGES IN OCEAN CO; absorbed from the atmosphere
CHEMISTRY AFFECT MARINE LIFE? 30% increase in acidity.

COMRE O CO; TOINEO]

o » ¢

carbon water carbonate 2 bicarbonate
dioxide ion ions

consumption of carbonate ions impedes calcification

11/27/2025

. | Atmospheric Carbon Dioxide
co,

’ s
e g Dissolved
carlloglnxlde Carbenic Blcarbﬂré%tg lons
= 2 Acid 3
+ — [HCO0,] —— +
Water = o Hydrogen lons
H,0 H

22
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Natural Causes of Clifiate Change

Outer  Strength of the Sun
Factors » Meteorite impact

« Earth’s orbit, rotation tilt

» Atmosphere

* Plate tectonics (Earthquakes and volcanics)

* Latitudes (Equatorial — Tropical — Polar Regions)

* Altitude and albedo

* Plant cover (Forests — Savanna — Deserts) v
* Water bodies (Ocean currents, El Niio, La Nina},ﬂ;-

Earth
Factors

Human Causes of Climate.Ch .ng

releasing greenhouse gases

» burning of fossil fuels and biomass
» Deforestation
* Urbanization

Air Pollution
- S0,, NO,, Hg
Particulates, Radiation

CO, Emissions
- Most carbon intensive fuel
- 43% of global CO,

23
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Earth’s Atmospheric Gases

Nitrogen (N,) 78.08% Non-

99% Greenhouse

Oxygen (O,) 20.95% Gases

Water (H,0)

Greenhouse
Gases

Carbon Dioxide (CO,) . S ' 1%

Methane (CH,)

Nitrous Oxides NO,
Hydrofluorocarbons: HFCs/(

Greenhouse Effect

24
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What are the most important sources
of GHGs and black carbon?

g

Electricity and
Heat Production
Industry 25%

21%

- Fossil fuel \

Agriculture, Forestry
Transportation and Oﬁﬂaland Use

Oil, Natural gas, Coal \ " -

X
N

(power generation, industry, transportation, buildings) -

- Agriculture
(animals — cows and pigs), feed production, chemical intensive food
production, and flooded paddy rice production, as well as deforestation
driven by the desire to expand cultivated areas

Agricultural activities

Increasing Greenhouse Gases:

Burning of fossil fuels — Deforestation - pollutants and waste - Industry

25
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Cumulative CO2 emissions from fossil fuels, land use and forestry 1850-2021 (million tonnes)

Bar colours represent regions

Which countries are historically responsible for climate change? "
y resp g ‘ﬁ M
-

14

100 200 300 400 500 600 700 800
United States
841

Russia
351
China
158

= India
_— 155

United Kingdom
129
15 Electricity from coal in 2021

Canada USA 22%
62 China 60%

France

53
Ukraine
50
Germany
48

Electricity generation in the US 2007 - 2021, by fuel type
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wind, 6% Solar, 3%

Nuclear, 5% “ ‘

Hydro, 18%

0 chance
Thermal, 68%
Yearly coal consumption (billion tons) from 2000 to 2022
i 4.66 in 2023
Billion tons
5 0.5 Mt/hr
4.5 (55%)
L1 43 4.1 40
" 39 © 39 39 40 39 39

215
o
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£
@30 7
g
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T

= 20 1
5
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o

ST
World production in 2022 is 8,126 Mt 00

China Energy Production by Fuel
plus Total Consumption

Other Ren
W Hydro
i Nuclear
Nat. Gas
s Coal
e oil

= Consumption
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OurFiniteWorld.com
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Source: China National Bureau of Statistics, 28 February 2021

Coal formed 36% of the global electricity generation.

Coal consumption in China 2000-2022.
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China
USA 13.5%
India 6.9%
Russia  4.6%
Japan 2.9%

Total 58.6%

2022

World Total: 37150 MECO:

http://www.globalcarbonatlas.org/en/C0O2-emissions
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‘ {
1 / 1 d
. é b 3 — / Caledonia
) e g / 30t/person

W “ Average 4.64 tCO,/person in 2022 e ,
[ - F
q& http://www.globalcarbonatlas.org/en/CO2-emissions

World Total: 37150 MECO:

28
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Total melt area
April-October

Cumulated melt area
(million km?)

304

254

204

154

104

1978

Atmospheric Carbon Dioxide

390
Annual Cycle

W co,

370 e

1
360 Jan Apr
350

340

Carbon Dioxide Concentration (ppmy)

1960 1970 1980 1990 2000
Sowurce: National Oceanic and Atmospheric Administration
@ Infobase Publishing
I ——

The Keeling curve. Carbon dioxide levels measured on Mauna Loa volcano in Hawaii
increase steadily between 1958 and 2005. The annual cycle (shown in red) reflects the
absorption of carbon in the spring and summer as plants grow, and the release of carbon
in the fall and winter as they decay. The blue line represents the five-year mean value.
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Variations in the Earth's Surface Temperature
Maethern Hemisphers

5 — Temparature aversge from bistorical data
g [

Defianres in temperatire 0l
aver,
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Average measured temperatures from 1880 to 2005. The boxes connected by the blue line
show the annual mean measured temperature. The red line is the 5-year mean. The zero

line is the 1961 to 1990 average temperature.

Global Temperature
0.6° T T | T -
=== Annual mean 0
== 5-year mean |ef
:CJ' 0.4° ‘ ‘
E | |
g | |
o | M
: | |
@
: /. P e L |
2 _0.2°fh \r | L ‘ ‘
PR | |
1880 1900 1920 1940 1960 1980 2000
@ Infobase Publishing Yea r

Recent Sea Level Rise

o1 Sealevel
E ., | | )
‘é{' * |lce melting ‘ ‘f“
5 » |Thermal expansion ,V'_\/ A~
2 ° ~1T
=
ra 0 ".__’AJ M/ ‘

-10
1880 1900 1920 1940 1960 1980 2000
@ Infobase Publishing Year

Recent sea level rise. The rise in sea level in centimeters from 1880 to 2005. The red line
represents the three-year average.
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South Africa

Egvpt

Algeria

Migeria

Ethiopia

451,957.1

213,456.7

154,995.5

125,463

64,536.3

50,720.6

28,126.7
+ Africa has contributed roughly 4% to greenhouse gas emissions worldwide.
18,859.2 + Egypt shares <0.6% of global CO, emissions (ranked 21 WRI, 24)
« African ranks among the most vulnerable to the impacts of climate change.
16,146.1 * Floods, storms, and droughts (1970s over 540, 2010-2019 about 540 events)
* Death of over 730,000 people (1997- - 2022) cost of 38.5 billion U.S. dollars.
14,664.8
16,001.3

Potential Worldwide Precipitation Changes

31
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140 [ 1879 (150 BCM) 4
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120 B 5
§ 100} :
50 [ Main Nile :
[ 1913 | 42 BCM) 1984 (36 BCM) ]
SN SNSRI
1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Annual river flows and lake levels for (1870-2000).
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Toshka
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Feb. 02, 2023
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Toshka

400,000 Acres

Feb. 09, 2024
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Chad Lake . i
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Med. Sea

Sea level rise

Sea level rise by 0.5 m
4 million people affected
1,800 km? land submerged

Sea level rise by 1.5 m
8 million people affected
5,700 km? land submerged

Actual sea level

11/27/2025
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What evidences of claiming climate change?

. Temperature is rising.

. Melting Glaciers (Rapid sea ice loss)

. Snow and rainfall patterns are shifting.
. Rising the atmospheric CO, levels.

. Extreme climate events — like heavy rainstorms, river flooding, worsening
drought, and record high temperatures — are already happening.

. The global mean sea level rising over the 20th century was 1.7 £ 0.2 mm/yr
. This rate increased to 3.2 *0.4 mm/yr since 1990, mostly because of
increased thermal expansion and land ice contributions.

. Ocean Acidification: The average pH of ocean surface waters has fallen by
about 0.1 units, from about 8.2 to 8.1 (total scale) since 1765.

39
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Mitigation of Global Warming

« Adaption
= Agriculture (Irrigation and adapted crops ...)
« Conservation
» Reduce energy needs
» Recycling
- Alternate energy sources
* Nuclear
= Wind
= Geothermal
» Hydroelectric
= Solar

40



