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••Interactions in theInteractions in the
global climateglobal climate

systemsystem
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What causes the EarthWhat causes the Earth’’s climate tos climate to
change?change?

•• Climate Variability isClimate Variability is
complexcomplex  ——  there are manythere are many
dynamics involveddynamics involved..

••   A major factor may be theA major factor may be the
relationship between therelationship between the
Earth and the SunEarth and the Sun..



Milankovitch studied threeMilankovitch studied three
factors:factors:

•• 1. 1. Changes in the tiltChanges in the tilt of the Earth of the Earth’’ss
axis;axis;

•• 2. 2. Variations in the shape of the EarthVariations in the shape of the Earth’’ss
orbitorbit around the Sun around the Sun

•• 3. 3. PrecessionPrecession: changes in how the tilt: changes in how the tilt
of the axis is oriented in relation to theof the axis is oriented in relation to the
orbit.orbit.



•• the tilt changes betweenthe tilt changes between
22.1° and 24.5° within a22.1° and 24.5° within a
cycle of the tilt is less,cycle of the tilt is less,

summers are cooler andsummers are cooler and
winters milder about 41,000winters milder about 41,000

years. When the tilt isyears. When the tilt is
greater, the seasons aregreater, the seasons are

more extrememore extreme..



The Shape of the EarthThe Shape of the Earth’’ss
Orbit around the SunOrbit around the Sun

••
The shape of the Earth'sThe shape of the Earth's
orbit around the Sun. It isorbit around the Sun. It is

not quite circular. The Earthnot quite circular. The Earth
is a bit closer to the Sun atis a bit closer to the Sun at
some times of the year thansome times of the year than

at others.at others.



But the shape of the Earth’s
orbit is also changing on
cycles of between 90,000

and 100,000 years. There are
times when it is more
elliptical than it is now



PrecessionPrecession
•• There is another complication.There is another complication.
The orientation of the tilt of theThe orientation of the tilt of the
EarthEarth’’s axis changes over time.s axis changes over time.

Like a spinning top that isLike a spinning top that is
winding down, the axis moveswinding down, the axis moves
in a circle. This movement isin a circle. This movement is

called precession.called precession.



•• It occurs on a 22,000-year cycle. ThisIt occurs on a 22,000-year cycle. This
causes the seasons to slowly shiftcauses the seasons to slowly shift

through the yearthrough the year..

••   Some 11,000 years ago the NorthernSome 11,000 years ago the Northern
Hemisphere was tilted toward the SunHemisphere was tilted toward the Sun

in December rather than in June. Winterin December rather than in June. Winter
and summer were reversed. They willand summer were reversed. They will

have switched again 11,000 years fromhave switched again 11,000 years from
now.now.



••Sun Spots CyclesSun Spots Cycles
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•• Earth Temperature AnomalyEarth Temperature Anomaly

•• from normal (1951-1980)from normal (1951-1980)



)______( _____ ______ ______ ______ ____ _______  
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linear and nonlinear prediction
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linear and nonlinear prediction
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TrendTrend
Linear GroupLinear Group
yy==0.048586+0.0016420.048586+0.001642**xx
r2 Coef Det    0.887166r2 Coef Det    0.887166

NonlinearNonlinear
SineWaveSquaredSineWaveSquared
yy==2.299096+2.445688*SIN(2*(22/72.299096+2.445688*SIN(2*(22/7
)*X/4925.360148+1.376281)^2)*X/4925.360148+1.376281)^2
r2 Coef Det   0.905285r2 Coef Det   0.905285



Linear trendLinear trend

•• Linear Group yLinear Group y==0.048586+0.0016420.048586+0.001642**x +x +
0.064465+ SIN0.064465+ SIN((22*(*(22/722/7)*)*x/91.425366-x/91.425366-

9.7465499.746549))

••
r2 Coef Det    0.977166r2 Coef Det    0.977166



Non Linear TrendNon Linear Trend

0.145164-0.145164-
2.041202*SIN(2*(22/7)*O293/2216.2.041202*SIN(2*(22/7)*O293/2216.
772592-772592-
0.534377)^2+0.007477+0.05493*SI0.534377)^2+0.007477+0.05493*SI
N(2*(22/7)*O293/81.198029-N(2*(22/7)*O293/81.198029-
10.464075)10.464075)
  r2 Coef Det   0.985285r2 Coef Det   0.985285



actual and linear trend and pridected moving normal
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actual , linear trend and oredicted moving normal
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actual ,linear trend and predicted moving normal
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actual and linear predicted dev
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••NON LINEAR TRENDNON LINEAR TREND
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actual and non linear predicted moving normal

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4
1
8
7
1

1
8
7
9

1
8
8
7

1
8
9
5

1
9
0
3

1
9
1
1

1
9
1
9

1
9
2
7

1
9
3
5

1
9
4
3

1
9
5
1

1
9
5
9

1
9
6
7

1
9
7
5

1
9
8
3

1
9
9
1

1
9
9
9

2
0
0
7

2
0
1
5

2
0
2
3

2
0
3
1

2
0
3
9

2
0
4
7

2
0
5
5

predicted actual



actual and non linear predicted moving normal
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actual and non linear predicted dev.
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•• The Author found that the waveThe Author found that the wave
length of the sinesquared wave length of the sinesquared wave λλ1 1 ~~
673 year and the length of  sinwave673 year and the length of  sinwave
λλ2 2 ~~ 56 year and don't found the 56 year and don't found the

reason ofreason of

•• The cycle of change of  Earth tilt The cycle of change of  Earth tilt ~~
41000 year 41000 year ~~ (365.25) * 2 *  (365.25) * 2 * λλ2 2 ~~

(365.25) * (365.25) * λλ1/61/6

•• Where 365.25 is the cycle ofWhere 365.25 is the cycle of
changes Earth around the sun orbitchanges Earth around the sun orbit



ET AND ETLPLinear Group 1  y=a0+a1*x  

r2 Coef Det     DF Adj r 2       Fit Std Err     F -Statistic    

0.503535  0.499884  0.174481  137.936629  
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ET and its  predictedSineWaveSquared  y =a0+a1*sin(2*PI*x/a3+a2) 2̂          

r2  Coef Det     DF Adj r 2       Fit Std Err     F -Statistic    

0.64205  0.634036  0.149289  80.118022  
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•• CYCLE OF DUST STORMCYCLE OF DUST STORM
OVER CAIROOVER CAIRO



Annual  of  dast storm  days over Cairo during ( 1968-2005 )
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1- 1- ARE ICE LIQUEFACTIONARE ICE LIQUEFACTION
ON THE RISINGON THE RISING
CURVATURE ,CURVATURE ,

CORRESPONDING AN ICECORRESPONDING AN ICE
BUILDING UP ON THEBUILDING UP ON THE

DECREASING CURVATUREDECREASING CURVATURE
OF NON LINEAR MODEL OF NON LINEAR MODEL ??..



•• 2- 2- ARE RISING OF CARBONEARE RISING OF CARBONE
DIOXIDE ON THE RISINGDIOXIDE ON THE RISING

CURVATURE ,CURVATURE ,
CORRESPONDINGCORRESPONDING

DECRIEASING OF CARBONEDECRIEASING OF CARBONE
DIOXIDE ON THEDIOXIDE ON THE

DECREASING CURVATUREDECREASING CURVATURE
OF NON LINEAR MODELOF NON LINEAR MODEL  ??..



••THANK YOUTHANK YOU


