PRESENTATION:

4.
Warfare Operations

e.
Determine the effect of meteorological oceanography on warfare operations.  

(1) Coral reefs

(a)
The reefs are a living and growing feature in the ocean made up of ocean sediment, calcium deposits, and microorganisms

(b)
May help or hinder warfare operations

1
Can provide protection for a coastline that the enemy is trying to invade



2
Can break up large swells as they enter the surf zone

IR:
Students can use reference figure 5-1 in student text

(c)
There are three types

PPT:
Show PPT #1 Fringing Reefs

1
Fringing Reefs

a
May develop at the margin of any land mass where temperature, salinity, and turbidity (mixing) occurs

b
Normally new in development and are attached to the land mass

PPT:
Show PPT #2 Barrier Reefs

2
Barrier Reefs

a
Linear or circular developments separated by a lagoon from the landmass on the margin, which they are growing

b
Build as the island subsides

c
Land mass may have Barrier and Fringing Reefs

3
Atolls

PPT:
Show PPT #3 Coral Reefs

a
May form on a subsiding continental shelf or around a sinking volcanic island in open ocean areas

b
Top of Atoll is near or above the surface and may be inhabited (Diego Garcia, Kwajelin)

IR:
Use the large map (wood borders/glass cover) to show the ocean floor.  Emphasize the coastal sections and the shelf, shelf break, slope, etc. on a global scale.  Students can use figure 5-2 in student text

(2)
Ocean floor topography

PPT:
Show PPT #4 Ocean Floor Topography

(a)
Continental Shelf

1 Shallow land mass with a gradual slope (rise over run)  

2 The Shelf extends from the coastline to a distance where a marked increase in slope occurs  

3
Varies in width throughout the world

a
As small as 10's of meters off the coast of California

b
Approximately 800 nm off the coast of Siberia and Northwestern Alaska

c
Average width approximately 40 nm - converts to a slope of approximately 1:528

(b)
Shelfbreak

1
The line which a marked increase in slope occurs

2
Seaward edge of the continental shelf

IR:
1 fathom = six feet


(c)
Continental Slope

1
steep, cliff-like region that extends to a depth of 1500 fathoms

2
Average slope of 1:20 (Slope is in NM in deep water)

a
Steep as 1:2

b
Gradual as 1:30

(d)
Continental Rise

1
Gently sloping depositional surface at the base of the slope

2
Slopes and blends into the ocean bottom

3
Average slope is 1:40 to 1:1000 (nm in deep water)

AV:
Utilize the world globe to illustrate water vs. landmass

(3)
Primary oceans

(a)
Depending on which reference material is used, 71% to 76% of the earth’s surface is covered by water 1% has depths exceeding 3,000 fathoms, 55% has depths shallower than 100 fathoms

(b)
Temperature

1
Horizontal Structure 

a
Diurnal change 2(C to 3(C in the open ocean

b
Seasonal changes

1
Smallest in equatorial regions

2
Largest in polar regions

c
4(C + across ocean fronts

d
Absolutes

1
Warmest - 32(C/90 F Persian Gulf and Red Sea (summer)

2
Coldest - -2(C/28 F Polar Regions (winter)

PPT:
Show PPT #5 Vertical Structure of the Ocean
IR:
The following will be covered in greater detail for the sailors in Block VIII

2
Vertical Structure

a
Mixed layer

1
Layer of water at the surface

2
Adjusts relatively close to local climatic conditions

3
Depths vary depending on weather elements

a
Wind/Wave action

b
Convective changes (temperature)

c
Thermohaline (sea water density differences)

b
Thermocline

1
Temperature changes rapidly with depth

2
Area where mixing no longer influences the layers temperature

c
Deep Layer - Lies below the thermocline and characterized by near constant temperature

(c)
Salinity

1
Measure of all dissolved material in the sea

2
Measured in parts per thousand (33-37)

3
Nearly a constant around the globe

a
Maximum between 20(N/S-23(N/S and in the Red Sea and Persian Gulf in open waters  

b
Can be significantly higher in enclosed basins (Black Sea, Great Salt Lake, etc.)

c
Minimum between found in areas of fresh water river discharge, areas of ice melt and maximum precipitation areas away from the tropics

4
Salinity will effect ice formation and freezing spray  Temperatures will have to be colder than normal to freeze under these conditions

(d)
Pressure

1
Measured in decibars

2
Also measured in atmospheres (1 atmosphere =34 feet of water depth)

IR:
As you walk on the surface of the earth your body is supporting the same weight as 34 feet of water.  So in a sense, when you are 34 feet down you have the weight of two atmospheres above you.   

PPT: 
Show PPT #6 Ocean Surface Currents

(5)
Currents

(a)
Organized belts of water that run through the ocean

(b)
Measurements

1
Drift - speed in knots

2
Set - direction is toward

(c)
Strongest near the surface and can attain speed in excess of 5 knots

(d) 
Classified warm or cold depending on what temperatures the current is bringing into the region

INSTRUCTOR REFERENCE

The Gulf Stream Current and the Kuroshio Current off Japan, are warm water currents.  They are fairly narrow jet-like currents and are the largest in the world.  The force behind the flow of each of these currents is 50 to 100 times the flow of all the world’s rivers combined.  The California Current is a cold current that sets in a southerly direction.  It keeps coastal California temperatures relatively mild throughout the year.  
PPT:  
Show PPT #7 Wind Driven Currents
(e)
Types of Currents

1
Wind driven 

a
Initiated and sustained by the force of wind exerting stress on the sea surface

b
Eckman Transport

1 The surface currents move in layers at a direction of 45( or less to the right of the wind direction in the Northern Hemisphere  

2 The net water movement will be in a direction of 90( or less to the right of the wind direction  

TP:  
Show TP #8 Water Movements (Ekman Spiral) 

IR:
Have students use Figure 5-3 in student text

IR:
The 45( rule and 90( rule in regards to water movement applies in theory only.  There are numerous considerations that apply in a real world environment.  Therefore the net movement is almost always less than 45( and 90(.

c
The speed of the current is approximately 1% to 2% of the wind speed

1 Each successive layer below the surface moves at a right angle to the one that is set in motion at a slower speed

2 At a certain depth water movement will be near zero

3 At a depth of approximately 100 meters (50 fathoms the water direction will be 180( from the surface

4 This is known as the Eckman Spiral

2
Tidal Current

a
Horizontal expression of the Tidal Force

b
Significant in the Littoral zone, where it becomes the predominate flow  

c
This may impact amphibious landings

d
Tides are actually waves that are measured in hundreds of miles and may have a range from zero to 50 plus feet

e
Caused by gravitational attraction between the earth, moon, and the sun

1
Sun gravitational pull is over 177 times greater than the moon

2
Moon is much closer so ways more on the earth’s tides

IR:
Tidal Currents are very complex.  The main point to make is that they vary significantly. depending on location, basin, etc.  Tides must be understood and there significance taken into account especially in Amphibious Operations. 

PPT:
Show PPT #9 Generalized atmospheric and surface-ocean circulation  

(f)
Horizontal circulations

1
A large, nearly enclosed ocean pattern


2
Found in both hemispheres and all oceans of the world


3
Also known as a gyre

a
Subtropical gyre

1
Result of winds around subtropical high

2
Equatorial current is the backbone

3
Coriolis deflects water to right to make circulation

b
Subpolar gyre

1
Develop north of mid latitudes (Northern Hemisphere)

a
North Pacific - Aleutian Low

b
North Atlantic - Icelandic Low

2
Develop south of Mid Latitudes (Southern Hemisphere) 

a
Forms the Antarctic Circumpolar Current 

(West Wind Drift)

b
East Wind Drift

c
Equatorial gyre

1
Develop in Atlantic and Pacific

2
North and south of thermal equator

3
Develop from equatorial currents and counter currents

(g)
Vertical circulations

1
Wind induced

a
Upwelling carries water away from an area - 

1
Common along margins of continents where the winds are parallel to the coast

2
Moves water away from the coast  

3
The relatively warmer surface water is replaced by cooler water from below 

a
Weather is characterized by lower temperatures and stable conditions

b
Low stratus and or fog

b
Carries water into an area - downwelling

1
The piling up of water causing it to sink

2
No influences on weather as there is no temperature change

c
Major changes to vertical circulations can cause large effects on climatic weather (El Nino, droughts, monsoons, etc)

2
Thermohaline

a
Control by temperature and salinity

b
Result from density changes

c
Vertical mixing is accomplished through the rising and sinking of water masses with density differences

(h)
Sea surface interface

1
Many interactions occur at the air/sea and land/sea interface

a
Majority of Naval/Marine Corps Operations takes place along the interface

1
Mine Warfare Operations

2
Air Strike Operations

3
Operational Maneuvers from the Sea (Amphibious operations)

4
Control of the sea lanes

b
Weather and oceanography parameters, which occur at the air/sea and land/sea interface, effect all types of operations

2
Exchange of matter and energy between the atmosphere and the ocean through transfer mechanisms

a
Radiation is the process by which energy is propagated through any medium by wave motion of that medium

b
Advection is the horizontal mass transport

c
Conduction is the transfer of energy within an object and through a conductor by means of a particle or molecular activity

d
Convection is the transfer of heat due to the moving of matter by currents caused by differences in density

3
Weather conditions at the air/sea and land/sea interface depend upon location, season, and of course weather patterns

Example #1:
In the Northwest Pacific during the summer, warm moist tropical air is advected long the western side of the pacific high.  As the air moves over the colder water of the northwest pacific, extensive fog and stratus forms.  This creates hazardous transit and flying conditions throughout the area for weeks on end.  The unique factor is that the wind speed has a very limited if any effect on the fog formation or dissipation.  This is sometimes call advection or sea fog.

Example #2:
Along coastal California, extensive upwelling occurs due to the offshore and parallel winds.  This causes colder water to rise to the surface resulting in an extensive marine layer along with fog.  This is different to example #1 in that the wind determines if you will have a marine layer stratus or fog.  Higher wind speed causes enough mixing to allow for dissipation or to move it away from the coast where the wind becomes lighter.

Example #3: In the Persian Gulf and the Mediterranean Sea, surface based ducts exist almost all year round.  This gives extended communication and radar detection ranges.  As warm (hot) dry air from the desert areas moves over the relatively cooler water, evaporation takes place near the surface.  This quickly gets capped off, creating an inversion layer.  The height of the inversion determines the top of the surface based duct.  (This concept will be explained later in this block)

Video:

Show the video “Water Masses of The Sea”.  Assign exercise 5-2 in student text



(6)
Ocean Waves

(a) Progressive waves

1 It is a phenomenon in which the wave form can be observed to move)  

2 An idealized progressive wave observed to pass a permanent point will display a succession of high parts of the waves, crests, separated by low parts, troughs




PPT:
Show PPT #10 Ocean Wave Diagram  Students refer to fig 5-4 in student text

(b)
Characteristics

1
Wave crest - the highest portion of the wave between two successive troughs


2
Wave trough - the lowest portion of the wave between two successive crests

3
Wave amplitude - 1/2 of the wave height

4
Wave period - the time interval between successive wave crests or wave troughs as they pass a fixed point and measured in seconds

5
Wave length - the horizontal distance between two 
successive crests or troughs and measured in feet

6
Wave speed - the rate at which the wave moves through the water and measured in knots

7
Wave frequency - the reciprocal of wave speed and the higher the waves, the lower the frequency

8
Wave Height

a
Average wave height - the average height of all waves present

b
Significant wave height - the average height of the highest 1/3rd of all waves present

c
Highest 1/10th of wave height 

1
Average height of the highest 1/10th of all waves

2
Used to measure the extreme roughness of the sea

(c)
Classification 

1
Sea waves

a
Waves that are generated by a local wind field, also known as capillary waves

b
Winds generated in a fetch area

IR:
The term “Fetch” will be explained momentarily

c
In fully developed sea, these waves can have periods of 10 plus seconds

2
Swell waves

a
Waves that began as wind waves and have left the fetch or local area where they were generated

b
Also known as short waves

c
Can travel distances up to thousand’s of miles

d
Swells have periods of 10 plus seconds

IR:
A good example of this is the waves that break along the north shore of Hawaii.  They began as sea waves from storms in various locations throughout the Pacific.  They are predominately from the storms that move through the Gulf of Alaska.
3
Development

IR:
Have students refer to Figure 5-5 in student text

PPT:
Show PPT #11 Common Fetch Areas
a
Wind moving over the ocean’s surface causes waves

1
Area of constant wind direction and speed is called a fetch area and it generates sea waves

2
All short waves or swell start as wind waves

b
Max sea height for each wind speed (scientific study) based on wind speed, duration, and length of fetch

1
Numerous variables cause lower heights

2
Reaches top height - known as fully developed

3
North Wall is an exception

4
Maximum sea height can physically reach up to a height of 212 feet based on mathematics

c
Growth determined by tangential stress and pressure transfer

1
Forces of gravity and surface tension causes wavelets or ripples with 1-3 mph of wind

2
Transfer of energy from wind to the sea is known as pressure transfer




PPT:
Show PPT #12 and #13 Sea Height Nomograms
4
Decay

a
Dispersion

1
As swell leaves the fetch area it leaves at an angle to the wind direction, which causes a decrease in height

a
Air resistance 

b
Gravity

2
Shorter waves or swells become long waves 
and are also known as swells

3
Changes in height due to currents are as follows

a
Current set in the opposite direction cause the swell length to decrease in height to increase, and the period to remain the same


b
Current set in the same direction cause the swell length to increase, the height to decrease, and the period to remain the same

PPT:  
Show PPT #14 Angular Spreading

b
Angular Spreading

1
The highest swells will be plus or minus 30( from the predominate wind direction

2
Swell lose approximately 1/3rd of their height each time they travel a distance in Nautical Miles equal to their length in feet

INSTRUCTOR REFERENCE

A wave with a length of 150 feet and a height of 12 feet.  Once the wave has traveled 150 nm, it will decrease to a height of 8 feet.  After 300 nm it will have a heights of approximately 5 feet.

Due to dispersion and angular spreading, swell waves commonly have the following characteristics: low rounded appearance, longer periods than normal waves, travel great distances at relatively high speeds, and arrive at coasts from directions other than the local prevailing winds.  

PPT:  
Show PPT #15 The Beaufort Scale Have students refer to figure 5-6 in student text

6
Beaufort Scale

a
This is for wind generated seas only

b
This is the scale that determines sea state

c
Swell waves can have a significant effect on the roughness of the sea (example below)

INSTRUCTOR REFERENCE

With a wind speed of 10 knots will give you a sea state of 1.  If there is a swell with a height of 8 feet this can be read on the Beaufort scale as a sea state of 4 or 5.  The USS GUAM (LPH-9) almost lost a Nixie (an Anti Submarine Warfare countermeasure that is pulled by a cable behind a ship) because of a 7 foot swell with no wind wave.  Sea state is then reported as zero.  Ensure people understand the overall roughness of the sea.  Assign Exercise 5-3 in student text.

PPT:
Show PPT #16 Surf Zone

(d)
Surf Zone

1 Definition 

a
The horizontal distance in yards or feet between the outer most breakers and the limit of the wave up rush on the beach  (see Figure 18)  

b
It is the environmental conditions within the surf zone (tides, winds, near shore bottom topography, beach slope, cumulative effects of the sea and swell waves, rip currents, and littoral currents) that can significantly effect D-Day/H-Hour operations  

c
The forecaster needs to understand the relationship of all environmental factors, how they interact, and how they will effect the landing area

2
Tides

a
Tidal range is the difference between high and low tides

b
Normally 2 highs and 2 lows in a 24-hour period

c
The effect of the tidal height on the beach slope

1
Beach exposure at various tidal depths

IR: 
Consider a beach with a slope of 1:50 and a tidal range of 20 feet.  At high tide none of the beach will be exposed.  At low tide 1,000 feet will be exposed  (rise over run).  50 feet of beach exposure with every 1-foot tidal drop
2
Tidal information can be extracted from various sources  GFMPL software has a large data base for various sites  

3
If your required beach is not in the data base try alternate sources (other weather offices, Intel [JIC or S-2])  

4
This information can be sent to you through a modem, SALTS, etc  

IR:
Watch the classification of your operation.  Be proactive - Do not allow a breach of security 

3
Winds

a
Effect the surf zone by determining what type of breakers there will be 

IR:
Breakers will be discussed later in this objective.

b
Also effects littoral (coastal) currents with the set and drift

c
An increase in the wind speed will change the drift and may also effect the set  (Recall earlier in the block on net water movement)

4
Near shore bottom topography and beach slope

a
Underwater features in the surf zone determine the surf zones size (length), breakers, and rip tides  

b
Wave refraction as they enter the surf zone (discussed later)

5
Beach slope - determined by rise over run

IR:
Have students refer to Table 5-1 in student text

a
Steep to vertical
1:1 to 1:15

b
Moderate

1:15 to 1:30

c
Gentle


1:30 to 1:60 (ideal slope)

d
Mild


1:60 to 1:120

e
Flat


1:120 and greater

6
Refraction

a
As waves enter the surf zone, depending on the orientation of the wave to the beach, some part of the wave begins to feel the bottom (shoaling) before the remainder of the wave does  

b
This caused that portion of the wave to slow due to friction and refraction

c
The angle at which the wave comes into contact with the beach effects the way the water is pushed along the coast  

1
Right flank - water is deflected to the right

2
Left flank - water is deflected to the left

IR:
Keep in mind that the way water moves along the coast (right flank or left flank) is always determined from the sea looking toward the shore.

7
Breaker formation

a
As water depth becomes more shallow the wave is effected by the wave speed decreasing, period remaining the same, the wavelength becoming shorter, and the wave height increasing

b
The wave then becomes unstable and breaks when the forward velocity at the top of the wave becomes faster than the velocity at the bottom

8
Types of breakers

PPT:
Show PPT #17 Spilling Breakers

a
Spilling breakers

1
Break gradually over a distance

2
White water forms at the crest and expands down the face of the 
breaker

3
Normally forms when the period is long and the beach slope is gradual  

4 On shore winds tend to help the wave be more of a spilling nature  

5 Wind is not the only factor and should not be used as the basis for your forecast

PPT:
Show PPT #18 Plunging Breakers

b
Plunging breakers

1
The wave crest curls over and breaks violently 

2
White water appears instantly over the complete face of the breaker

3
Normally forms when the period is long and the beach slope is steep (A good example is the waves from Hawaii 5-O)

4 As with spilling breakers winds effect plunging breakers in the same manner  

5
The only difference is that the wind blows offshore to aid in formation

PPT:
Show PPT #19 Surging Breakers

c
Surging breakers

1 Not as easily identified as the two others  

2 They do not display a pronounced pattern of breaking  

3 The crest of the breaker peaks, then surges onto the beach  

4 Surface winds are little to no importance in a surging breaker

5
Normally occur when the beach slope is very steep

PPT:
Show PPT #18 Winds and Breakers

9
Hazards associated with breakers

a
Broaching

1
Landing craft gets turned parallel to the wave train

2
Occurs when a beached craft is hit by a powerful crest

b
Swamping

1
Occurs when a craft is overtaken by a plunging breaker

2
When an amphibious craft fills with water, sinks, turns over, or shifts out of position

c
Surf boarding

1
Occurs when a craft is overtaken by a spilling breaker

2
Can cause the craft to be carried along by the breaker, move out of control and endanger other craft of personnel

10
Surf zone currents

a
Littoral or longshore current

1
Created when water from the breaking waves is carried along the beach

2
Velocity changes with breaker height, changes in angle to the beach of the breakers, wind direction and speed, and beach slope

3
If sea and swell heights are forecasted to increase you should expect your littoral current to increase as well and vice versa

4
A significant feature in calculating Modified Surf Index’s was discussed in a earlier objective 

5
Causes changes to coastal features as the current moves sediments along the beach

PPT:
Show PPT #21 Rip Currents.  Have students refer to Figure 5-7 in student text

b
Rip currents

1
A current that is formed from littoral currents that flow seaward through the surf zone

2
Consist of three parts

a
Feeder currents

b
Neck

c
Head

3
Can be observed from the sea by an absence of breakers

4
Can reach speeds in excess of 2 knots

11 Storm surges

a
Develop from large scale weather patterns that cause water to pile up along the coast and actually change the height of sea level (temporarily)

b
Largest storm surge forms from strong winds blowing over shallow water

c
Forecast may have to be issued by the 7412/6842.  

D
National Weather Service is responsible for the civilian warnings and can be an excellent guidance

IR:
Assign students Exercise 5-4 in student text

APPLICATION:
Throughout the entire lesson

EVALUATION:
Administer Appraisal A-704e and written test at the end of the unit
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