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COURSE SYLLABUS

Instructor Information
· Name of the instructor : Dr. Abdulrahman Khalaf Al-khalaf
· Office location:

Room 113
· Office hours, Sat Mon Wed 11-1

· Contact number(s),6952044
· E-mail address: akhalaf@kau.edu.sa
Course Information
· Course name and number  Tropical Meteorology 456
· Course meeting times, places:  Sat Mon  1-2:20 @ room 114
· Course website address: www.kau.edu.sa/akhalaf
· Course prerequisites and requirements: Thorough understanding of basic Meteorology,  mathematics, and the material covered in dynamics and synoptic courses
Course Objectives
· The aim of this class is to familiarize students with tropical weather and climate. The role of the tropics in the general circulation of the Earth will be addressed. Components of the tropical climate system such as tropical waves, tropical cyclones (hurricanes, typhoons), the monsoon and tropical convective systems in general will be covered. Other, periodic and a periodic links between the tropics and middle latitudes (such as the El Nino-Southern Oscillation phenomenon) will also be investigated.
Learning Resources
· text books: General circulation of the atmosphere, Atmospheric circulation systems
·  websites: websites will be announced in class
·  A computer skills is needed for: 
· Projects is involved, Computer Lab is located at the second floor.
Course Requirements and Grading

· Examinations  :
· Exams will be based on material discussed in class, the homework and the class handouts. The questions will be designed to test your understanding of the material and to apply what you have learned in a new situation. The work you submit on examinations must be entirely your own work 
· Course Grading:   2 Hour Exams (@20% each) 

30%
Class Project



15%
Final Exam



45%
Class Participation


10%
Total




100%
Detailed Course Schedule

· Detailed contents of topics and activities planned for each class or lab session during the term.
· Reading assignments for each topic.

· Assignments and Exam due dates.
(The following pages include templates of tables for course schedule and practical sessions) 
	Course Schedule Model

(meeting two times a week)


	Week #
	Date
	Topic
	Reading Assignment
	What is Due?

	1
	
	Introduction to the course
	Chapter 1
	Buy Book 

	
	
	Wind systems of tropics 
·  Descriptive Statistics

· Graphs and tables

·  Summary statistics (e.g., mean, standard deviation)

·  Exploratory Data Analysis

·  Uses descriptive statistics methods to choose an appropriate model (e.g., can data be assumed to have a normal distribution?)

·  Statistical inference

·  A model is used to draw conclusions about the data


	
	

	2
	
	Low level general circulation
	
	Homework assignment #1

	
	
	Seasonal variation of surface circulation

	
	

	3
	
	world distribution of surface winds and pressures
	
	

	
	 ….
	equatorial trough, lows, highs, depressions 
	
	

	4
	 …
	Tropical cyclones 
	
	

	
	 
	Formation, movement, life cycle 
	
	Further Reading
 

	5
	 
	surface and upper air structures 
	
	

	
	 
	Exam  1
	
	

	6
	 
	eye and eye wall cloud 
· q0.5 = 

·  q0.25 = median of 

·  q0.75  = median of 

·  {1, 3, 7, 8, 9, 10, 15, 18}

·  q0.5 = 8.5

·  q0.25 = median of 

·  q0.75 = median of  


	
	

	
	 
	spiral cloud bands, intensity, forecasting, storm surges
	
	

	7
	 
	Interannular variability
	
	

	
	 
	Monsoon variability in interannular and decadal time scales
	
	 

	8
	 
	Atmospheric – Ocean surface patterns of Southern Oscillation
	
	

	
	 
	El-Nino,1
	
	

	9
	 
	El-Nino, 2
	
	

	
	 
	 La Nina
	
	

	10
	 
	ENSO 1
	
	

	
	 
	ENSO 2
	
	

	11
	 
	Walker circulation
	
	

	
	 
	Hadley circulation
	
	

	12
	 
	Regional Circulation systems
	
	

	
	 
	Tropical Easterly jet, Subtropical Westerly jet, Somali jet over India
	
	

	13
	 
	Easterly waves – structure, model and movement
	
	

	
	 
	Rossby waves and Kelvin ; waves
	
	

	14
	 
	Mesoscale systems
	
	


Mesoscale systems; Thunder storms – CAPE and CINE, Influence of vertical wind shear – Dust storm (Andhi), Kalabaisaki, Hail storm, meso-scale convective systems – influence of orography, diurnal variations, meso-scale vortices.
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COURSE RELATED MATERIAL

Contains all the materials considered essential to teaching the course, includes:

Quizzes, lab quizzes, mid-terms, and final exams and their solution set

Paper or transparency copies of lecture notes/ handouts (optional)
Practical Session Manual (if one exists)
Handouts for project/term paper assignments
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TEST NO. 1

Part 1 True/False

(1) 1
The transfer of sensible heat is very important in the Equatorial regions.

(2) 2
The ITCZ is the zone along which the trade winds diverge.

(3) 3
The ITCZ shifts it’s position regularly, being farthest north in the northern hemisphere summer, and farthest south in the southern hemisphere summer.

(4) 4
The deserts of the world are mainly found at about 30 in both hemisphere.

(5) 5
The ITCZ is associated with an area of high pressure ridges and ascending air.

(6) 6
The two main regions on the earth with precipitation minima are the ITCZ and the Mid-latitude.

(1)  7
Convergence goes with subsidence

(1). 8
The amount of radiation absorbed by the earth, atmosphere, and ocean is more 

than the net longwave emission back to space at all latitudes.

1.
DRAW a scheme of thermal circulation on a nonrotating earth.


[ The scheme must show the four legs of circulation with arrows indicating 
directions - two vertical legs, one each at the pole and the equator, and two 
horizontal legs, one on the lower and the other in the upper troposphere .  The scheme also must contain appropriate highs and lows connected by the legs]. 

2.
State the three assumption for three cell model of global circulation?

3
The intertropical convergence zone (ITCZ) is a region where the 

a  polar front meets the subtropical high.

B  northeast trades meet the southwest trades.

C  the Ferrel cell converges with the Hadley Cell.

D  northeast trades converge with the subtropical high.

E  None of the above are correct

4.
The intertropical (ITCZ) convergence zone is



a.  a latitude belt in which the trade winds converge.



b.  usually free of clouds.



c.  unrelated to equatorial trough.



d.  characterized by high pressure relative to the subtropical 


      

      latitudes.

5.
The polar cell in the global circulation model



a.  has descending motion over the pole.



b.  are not affected by midlatitude cyclones.



c.  is a north-south system of vertical circulation that extends 


                from the equator to the poles.



d.  has no relation to the radiation imbalance in the earth-



                atmosphere system.

6.
The Ferrel cell is



a.  The region of least weather disturbances.



b.  in the region of prevailing westerlies.



c.  driven by rising motion at the horse latitudes.



d.  a Saudi Arabia weather system

7
In an atmosphere on a nonrotating earth but in north-south radiative imbalance as 
at present we should have


a.  higher pressure at all levels over the equator than over the poles.


b.  lower pressure at all levels over the equator than over the poles.


c.  higher pressure at the upper levels over the equator than at the upper levels 
over the poles.

d.  higher pressure at the lower levels over the equator than at the lower levels 

over the poles.

 (1) 8
The zone along which the trade winds converge is called.

a) the subtropical convergence zone.

b) The frontal convergence zone.

c) The inter-tropical convergence zone.

d) The temperature convergence zone.

 (1) 9.
The area of minimum average manual precipitation is in the region of.

A   the ITCZ.

B   the mid latitudes.

C   the semi-permanent highs at 20-30N or S.

D   the windward side of mountains.

(1) 10.
The prevailing winds in the mid-latitude regions of the globe are.

A     northerly.

B    southerly 

C     easterly 

D     westerly.

11.
Latent heating


a.  is due to conduction and convection of heat from the ocean surface.


b.  includes transfer heat by electromagnetic radiation.


c.  is due to evaporation from the oceans and subsequent condensation of water


d.  does not include phase change of water.

TROPICAL METEOROLOGY 
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TEST NO. 2

Part 1 True/False

(1) 1
An example of an extra tropical cyclone is a hurricane north of 30 latitude.

(1) 2
Hurricanes, tropical storms and tropical depressions are all types of tropical cyclones.

(1) 3
Hurricanes, waterspout and tornadoes always spins clockwise in the southern hemisphere.

(1) 4
The eye of the hurricane is characterized by subsiding air.

Part 2 Multiple Choice

(1) 1.
Tornadoes and hurricanes are similar characteristics of.

a. central pressure, and wind field.

b. central pressure, and wind speed.

c. central pressure, and size.

d. wind field and size.

(1) 2
The eye of a hurricane is associated with .

a. high pressure, subsiding air, and fairly calm winds.

b. high pressure, rising air, and fairly calm winds.

c.    low pressure, rising air, and high winds.

e. low pressure, subsiding air, and fairly calm winds.

f. low pressure, rising air, and fairly calm winds.

 (1) 3
Cyclones in the northern hemisphere rotate.

a. clockwise.

b.    Counterclockwise.

c. What ever way they develop.

d. Very fast compared to the earth’s rotation.

(1) 4.
The name is given to a tropical cyclone occurring over the Atlantic or the eastern north Pacific Ocean and having winds greater than 74 mph.

a) typhoons.

b) cyclones 

c) willy-willies.

d) hurricanes.

(1) 5.
The main cause of damage in most hurricanes is the.

a) rainfall.

b) winds 

c) lightning.

d) storm surge.

6. What is a hurricane?

A. a wind storm with a funnel

B. a severe thunderstorm with wind

C. a storm with winds of 75 mph or more

7. What areas of the world have the most hurricanes?

A. areas near the poles

B. areas near the Pacific Ocean

C. areas near the equator

8. When is the main hurricane season in the North Atlantic?
A. June to November

B. May to September

C. July to December

9. What are hurricanes called in the western Pacific Ocean?
A. Cyclones

B. western hurricanes

C. typhoons

10. What is a major cause of hurricane formation?
A. changes in barometric pressure from low to high

B. bad thunderstorms

C. warm ocean water

11. What does a hurricane hunter do?

A. flies a plane and watches for a hurricane to form

B. flies a plane into a hurricane to find out more about it

C. follows a hurricane so everyone knows where it is

12. What is a storm surge?

A. spiraling air which is rising and creating rainbands

B. the combination of strong winds and heavy rain

C. severe flooding caused by higher than normal tides

 

13. Where are the worst winds in a hurricane found?

A. the eyewall around the eye of the hurricane

B. inside the eye of the hurricane

C. around the outside edges of the hurricane 

14. When a tropical disturbance over the eastern Atlantic Ocean north of the equator begins to rotate in a counterclockwise direction it becomes a tropical depression. This depression, if it grows in intensity and its winds increase to over 74 miles per hour (119 kilometers per hour) it has become:


A. a wave cyclone
B. a hurricane
D. a jet stream
C. a tsunami
E. a monsoon

15. Historically, what component of a hurricane causes the most deaths?
	a) high winds 

b) storm surge 

c) heavy rainfall

d) tornadoes


(1) 16
A tropical cyclone (warm core low) with winds in excess of 34 mph but less than 75 mph.

a) hurricane.

b) tropical storm.

c) tropical depression,

d) typhoon.

Part 3 Short Answer

(3) 1.
State at least four conditions that generally believed to be necessary for formation of tropical cyclone of hurricane strength, giving one sentence explanation why each one plays a role

2.
When hurricanes move over land, they quickly lose intensity. EXPLAIN WHY?
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FINAL EXAM

Part 1 True/False

(1) 1
The ITCZ is the zone along which the trade winds diverge.

(1) 2
The ITCZ shifts it’s position regularly, being farthest north in the northern hemisphere summer, and farthest south in the southern hemisphere summer.

(1) 3
The deserts of the world are mainly found at about 30 in both hemisphere.

(2) 4
Hurricanes, tropical storms and tropical depressions are all types of tropical cyclones.

(2) 5
Dust-devils, waterspout and tornadoes always spins clockwise in the northern hemisphere.

(2) 6
The eye of the hurricane is characterized by rising air.

(1) 7
The ITCZ is associated with an area of high pressure ridges and ascending air.

(1) 8
The two main regions on the earth with precipitation minima are the ITCZ and the Mid-latitude.

9    When the sea breeze reaches a station the air temperature RISES/FALLS and the relative humidity INCREASES/DECREAS
 CIRCLE THE CORRECT OPTIONS

.10    During the day time, the air will flow from the LAND/WATER because of the relatively higher pressure over the LAND/WATER.

CIRCLE THE CORRECT OPTIONS

DRAW a scheme of thermal circulation on a rotating earth
(4)

1. What is a hurricane?

D. a wind storm with a funnel

E. a severe thunderstorm with wind

F. a storm with winds of 75 mph or more

2. What areas of the world have the most hurricanes?

D. areas near the poles

E. areas near the Pacific Ocean

F. areas near the equator

3. When is the main hurricane season in the North Atlantic?

D. June to November

E. May to September

F. July to December

4. What are hurricanes called in the western Pacific Ocean?

D. Cyclones

E. western hurricanes

F. typhoons

5. What is a major cause of hurricane formation?

D. changes in barometric pressure from low to high

E. bad thunderstorms

F. warm ocean water

6. What does a hurricane hunter do?

D. flies a plane and watches for a hurricane to form

E. flies a plane into a hurricane to find out more about it

F. follows a hurricane so everyone knows where it is

7. What is a storm surge?

D. spiraling air which is rising and creating rainbands

E. the combination of strong winds and heavy rain

F. severe flooding caused by higher than normal tides

8. Where are the worst winds in a hurricane found?

D. the eyewall around the eye of the hurricane

E. inside the eye of the hurricane

F. around the outside edges of the hurricane 

9. When a tropical disturbance over the eastern Atlantic Ocean north of the equator begins to rotate in a counterclockwise direction it becomes a tropical depression. This depression, if it grows in intensity and its winds increase to over 74 miles per hour (119 kilometers per hour) it has become:
A. a wave cyclone
B. a hurricane
D. a jet stream
C. a tsunami
E. a monsoon

10. Historically, what component of a hurricane causes the most deaths?
	e) high winds 

f) storm surge 

g) heavy rainfall

h) tornadoes

	11. A tropical storm officially becomes a hurricane when its winds exceed?


	A. 55 mph

	B. 74 mph

	C. 64 mph

	D. 39 mph


12. What major ingredient is needed to sustain a hurricane's energy?

	A. high winds 

	B. warm water 

	C. tornadoes

	D. Jet Stream 


13. The best time to learn how to prepare for hurricanes is?
	A. when a warning is issued

	B. when a watch is issued

	C. during a hurricane 

	D. before a hurricane threatens your area


14. How often does an El Nino occur usually?

A   Over 10 years
B   2 to 7 years
C   Annually
D   Biannually

15. What does "El Nino" mean?

A   "The spanish Child"
B   "The Weather Demon"
C   "The Problem"
D   Nothing in particular

16. What are some of its effects?

A   Drought
B   Floods
C   Both of the above
D   None of the above

17. Which part of the world does it affect?

A   Asia only
B   America only
C   Europe only
D   The entire globe

18. El Nino refers to the warming of the _________ ocean. 

A   Pacific
B   Atlantic
C   Indian
D   Arctic

19. Events related to El Nino are:

A   El Diablo and El Na-Krul
B   La Nina 
C   Meteor showers
D   None of the above

20. Which part of the world is least affected by El Nino?

A   Asia
B   Europe 
C   North America
D   South America

21. How long does an average El Nino last?

A   Weeks
B   A few months
C   A year
D   Five years

22     What does El Niño involve? 
    A.   warmer water moves eastward along the equator
    B.   A slackening in the trade winds
    C.   A little South American boy making waves in a pool
    D.   first two choices only 

23      How often does El Niño occur? 
    A.   Every three years (periodic)
    B.   Every four to seven years (quasi-periodic)
    C.   Every fifteen to twenty years (quasi-periodic)
    D.   Right before the US presidential elections (political) 

24      By what three ways can we tell that there may be an El Niño? 
    A    Sea surface warms, Trade winds strengthen, 
    B.    Mudslide in back yard, Elvis returns, Heck freezes over
    C.    Sea surface warms, Trade winds weaken, 
    D.    Sea surface warms, Trade winds weaken, 

25    What are some differences between El Niño and La Niña? 
    A.    In La Niña, the trade winds strengthen, and in El Niño they slacken or reverse
    B.    Sea level rises at Easter Island during an El Niño
    C.    The warm pool is shifted to the west during La Niña
    D.    Upwelling can be "shut down" during a La Niña
    E.     First three answers
    F.    Ask a Spanish person

26    What relationship is there between El Niño and North Atlantic hurricanes? La Niña and North Atlantic hurricanes? 
    A.    El Niño and La Niña are twins. Darth Hurricane is their father.
    B.    They are both exclusively weather phenomena
    C.    Less hurricanes during a La Niña, and more during an El Niño
    D.    More hurricanes during a La Niña, and less during an El Niño

For the following picture, identify the feature and explain how it will change in an El Niño event. 
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27    Feature A is _____________     ________________________ during an El Niño.
    A.    an ocean current.     It moves to the east 
    B.    the thermocline.     It occurs deeper in the eastern Pacific Ocean 
    C.    convection. It forms further east
    D.    upwelling. It may get "shut off" by the layer of warm water above it
    E.    normal circulation. The surface winds (trade winds) may reverse
    F.    the warm pool. It starts to spread eastward when the trade winds slacken

28   Feature B is _____________     ________________________ during an El Niño.
    A.    an ocean current.     It moves to the east 
    B.    the thermocline.     It occurs deeper in the eastern Pacific Ocean 
    C.    convection. It forms further east
    D.    upwelling. It may get "shut off" by the layer of warm water above it
    E.    normal circulation. The surface winds (trade winds) may reverse
    F.    the warm pool. It starts to spread eastward when the trade winds slacken

29    Feature C is _____________     ________________________ during an El Niño.
    A.    an ocean current.     It moves to the east 
    B.    the thermocline.     It occurs deeper in the eastern Pacific Ocean 
    C.    convection. It forms further east
    D.    upwelling. It may get "shut off" by the layer of warm water above it
    E.    normal circulation. The surface winds (trade winds) may reverse
    F.    the warm pool. It starts to spread eastward when the trade winds slacken

30   Feature D is _____________     ________________________ during an El Niño.
    A.    an ocean current.     It moves to the east 
    B.    the thermocline.     It occurs deeper in the eastern Pacific Ocean 
    C.    convection. It forms further east
    D.    upwelling. It may get "shut off" by the layer of warm water above it
    E.    normal circulation. The surface winds (trade winds) may reverse
    F.    the warm pool. It starts to spread eastward when the trade winds slacken

31   Feature E is _____________     ________________________ during an El Niño.
    A.    an ocean current.     It moves to the east 
    B.    the thermocline.     It occurs deeper in the eastern Pacific Ocean 
    C.    convection. It forms further east
    D.    upwelling. It may get "shut off" by the layer of warm water above it
    E.    normal circulation. The surface winds (trade winds) may reverse
    F.    the warm pool. It starts to spread eastward when the trade winds slacken

32   Feature F is _____________     ________________________ during an El Niño.
    A.    an ocean current.     It moves to the east 
    B.    the thermocline.     It occurs deeper in the eastern Pacific Ocean 
    C.    convection. It forms further east
    D.    upwelling. It may get "shut off" by the layer of warm water above it
    E.    normal circulation. The surface winds (trade winds) may reverse
    F.    the warm pool. It starts to spread eastward when the trade winds slacken

33 .   Which way does the wind blow during a hot afternoon at the coast? 

	A. From the ocean 

	B. From the land 


34.   Most of the Saudi Arabia lies within the belt of the: 

	A. Monsoon Winds 

	B. Doldrums 

	C. Westerly Winds 

	D. Trade Winds 

	E. Polar Easterlies 


35.    Most of the world's tropical deserts are located in areas that experience: 

	A. Westerly winds 

	B. The subtropical high pressure belts 

	C. The intertropical convergence zone 

	D. The monsoons 


36.    The horse latitudes are known for their: 

	A. Low pressure 

	B. Strong westerly winds 

	C. Great storms 

	D. Calm weather 

	E. Polar winds 


37.   The trade winds blow from: 

	A. The subtropical high to the subpolar low 

	B. The equator to the subtropical high 

	C. The polar high to the subpolar low 

	D. The subtropical high toward the equatorial low 


38.   During the course of the year, the position of the earth's global pressure and    wind belts shift north and south of the equator due to: 

	A. The changing distance of the earth from the sun 

	B. The seasonal shifting of the sun's direct rays 

	C. Differences in the heating of the continents 

	D. The Coriolis effect 


39.    The monsoons are: 

	A. A seasonal reversal of winds 

	B. Always wet 

	C. A polar phenomena 

	D. Found in deserts 


40.   The greatest variety of day-to-day weather changes occurs: 

	A. Along the polar front 

	B. In the horse latitudes 

	C. In the intertropical convergence zone 

	D. In the belt of the trade winds 


41.   Which below is usually not true concerning a sea breeze circulation?

    a.   they mainly occur at night

    b.   they usually occur when the water is cooler than the land

    c.   they occur when the surface wind blows from the water toward the land

    d.   can cause clouds to form over the land

42.   In summer, during the passage of a sea breeze, which of the following is not   usually observed?

  a. a drop in temperature

    b. a drop in relative humidity

    c. a wind shift

    d. an increase in relative humidity

43.   The summer monsoon in eastern and southern Asia is characterized by:

   a. wet weather and winds blowing from land to sea

    b. dry weather and winds blowing from land to sea

    c. wet weather and winds blowing from sea to land

    d. dry weather and winds blowing from sea to land

44. The intertropical convergence zone (ITCZ) is a region where:

    a. the polar front meets the subtropical high

    b. northeast trades meet the southeast trades

    c. northeast trades converge with the subtropical high

    d. the Ferrel cell converges with the Hadley cell

    e. polar easterlies converge with the air at the doldrums

	45.  
	Which of the following are examples of small-scale winds ? 

	
	• A   The Westerlies
• B   The South East Trades
• C   Land and Sea breezes 
• D   The North-West Monsoon




	46     During the winter monsoon in Asia, the main winds[prevailing] blow..... 

	• A    from the south-east away from the high pressure area over the Asian land mass
• B    from the north-east towards a low pressure area over the Asian Land mass
• C   from the north-west away from the high pressure area over the Asian land mass 
• D   from the south-west towards a low pressure area over the Asian land mass



	47  Land breezes are caused by... 

	• A    temperature variations in summer and winter
• B   differential hetaing of the land and sea 
• C    differences in the height of the land
• D   differences in the temperatures of the sea
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