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Student: __KEY__________                       Email: _________________ 

Enter the answers in the spaces provided, rename the files with your last name 

(e.g., MARS6080_Hw3_Hyrenbach.doc and MARS6080_DataHw3_Hyrenbach.xls) 

and email them to the instructor (khyrenba@gmail.com) by the end of October 

30, using “MARS4080-6080: Hw 3” as the message title.  This assignment is 5 

worth points and 5% of the class grade.   

1) First, check out the hourly wind data in the sheet “weather” sheet of the 

file MARS6080_4080_Hw3_Data_Drogues.xls.  Describe the prevailing wind 

patterns (speed in m / s and direction by compass quarter) on the morning 

of Sept 20, between 8 and 13 hours (HST) (+0.125).  Based on these wind 

conditions, in what direction would you expect the surface water to flow? 

Why? (+0.125).   

The morning of Sept. 20, the wind changed throughout the deployment.  At 

8:00 hours the easterly wind was weak, at 4 m/s. The easterly wind speed 

increased, reaching 5.8 m/s at 10:00, and then increased to 6.2 m/s and 

switched to the NE by 11:00.  By 12:00 hours, the wind had switched back 

to East at 6.7 m/s.  

Local 
Time 

Wind 
Direction 

Wind 
Speed 

 

Wind 
Speed 

 

(hst)  (miles / hour) (meters / second) 

13:00 E 
10 4.4 

12:00 E 
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14 6.2 
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9:00 E 
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8:00 E e 
9 4.0 
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With the prevailing wind conditions during the deployment (10.30 – 11.30) 

coming from the E / NE, the net flow Ekman layer would be expected to be 

90 degrees to the right of the wind.  However, because we were in shallow 

water (15 - 20 m depth), the entire Ekman spiral may not develop.  Thus, 

the net flow of the water column may be closer to the surface flow of the 

surface layer. In other words, the water will likely move to 45 degrees to 

the right of the wind. 

Thus, we would expect the surface layer to move about 45 degrees 

to the right of the wind, with the deeper layers moving progressively to the 

right of the surface layer (and each other).  Thus, with the wind coming 

from the East / North-East, the water would be expected to move to the 

North-West / West.     

However, we are violating two key assumptions of Ekman’s 

calculations:  (i) the wind is not constant, and (ii) there is friction between 

the water and the bottom and the coast.  Thus, the observed patterns may 

deviate from these theoretical conditions. 

2) Next, you will explore lagrangian data collected in Kaneohe Bay, using three 

drifters anchored at 2.5m (drogue 1), 5m (drogue 2) and 10m (drogue 3).  

Open the file MARS6080_4080_Hw3_Data_Drogues.xls and use three 

sheets “Drogue1”, “Drogue2” and “Drogue3”.  Each sheet shows the 

distances / speeds of the drogues for either one location at a time (A), or 

for the entire deployment (B).  Check out the data and make sure you 

understand what I did.  NOTE: I calculated distances using simple 

trigonometry, rather than great circle formula, because they are very small.  

 

2a) Make three separate plots, each showing the track of one drifter.  

(+0.125 each) and describe each trajectory (+0.125 each).   

- Paste figure of the trajectory of drogue 1:    
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- Describe the trajectory of drogue 1, in your own words: 

 

Drogue #1 started drifting SW immediately after deployment and 

remained moving the same direction. Halfway through the deployment it 

shifted its direction a little bit more south and sped up. Drogue #1 moved 

SW a distance of 69 m.  

 

Paste figure of the trajectory of drogue 2:    
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-  
 

- Describe the trajectory of drogue 2, in your own words: 

 

Drogue #2 initially moved mostly west after deployment before 

making a turn in the southwest direction after about 5 min. Halfway 

through the deployment it moved northwest for a short time and 

switched back to a southwest direction. Drogue #2 drifted a distance of 

28 m.  
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Paste figure of the trajectory of drogue 3:    

-  
 

- Describe the trajectory of drogue 3, in your own words: 

Drogue #3 started out by not moving much for the first 5 minutes 

and switched to a southwest direction. This drogue picked up speed 

throughout its deployment and moved southwest for 54 m.  
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2b) Summarize the movement and speed of the drogues (+0.125 for each 

drogue): 

Drifter Tracking 
Duration  
(mins) 

Maximum range 
from Deployment 
(meters) 

Mean Speed  
+/- SD  
(cm / s) 

Drogue 1 (2.5m) 46min:39sec 69.0 2.33 +/- 1.06  
(n = 8) 
 

Drogue 2 (5m) 50min:11sec 28.0 1.00 +/- 0.46 
(n = 8) 
 

Drogue 3 (10m) 48min:15sec 54.0 0.50 +/- 0.24 
(n = 8) 
 

 

2c) Answer these questions (+0.125 each): 

- Which drogue travelled the most distance from the deployment 

location?   

Drogue #1 travelled furthest with a distance of 69.0 m. 

 

- What compass direction (e.g., N-NW, N, N-NE,… ) did it go and what was 

the cumulative speed (m / s)? 

Drogue #1 travelled SW with a cumulative speed of 16.0 cm / s. 

 

- Which drogue travelled the least distance from the deployment 

location?   

Drogue #2 travelled the least distance with a distance of 28.0 m. 

- What direction did it go (e.g., N-NW, N, N-NE,… ) and what was the 

cumulative speed (m / s)? 

Drogue #2 travelled SW with a cumulative speed of 0.93 cm / s. 
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3) Next, you will explore eulerian data collected in Kaneohe Bay, using an 

ADCP.  Open the file MARS6080_4080_Hw3_Data_ADCP.xls. 

 

3a) First, look at the sheet “Signal Strength”.  To familiarize yourselves with the 

data, answer these questions (+0.125 each): 

- What is the spatial resolution of the depth data? 

0.5 meters (50 centimeters) 

- What is the temporal resolution of the time data? 

600 seconds (10 minutes) 

- Where are the strongest signal strengths?  Why? 

The strongest signal strengths are near the surface at 0.5 m depth layer. 

The ADCP is looking upwards, and the strongest signal strength near the 

surface is caused by the air bubbles (and foam) from the waves.  Note 

that the acoustic signal will bounce back from the surface, due to the air 

/ water density interface.  We removed the surface from the dataset 

before the analysis.. 

 

3b) Next, look at the sheet “Speed”.  To familiarize yourselves with the data, 

make a plot of speed (m / s) over time and depth.  Then, answer these 

questions, Fill out this table (+0.125 for each depth): 

 Water Speed (cm / sec) 

depth_layer (m) mean stdev max 

0.5 - 2.5 7.0 1.1 19.0 

 3 - 5 5.2 1.4 11.6 

5.5 - 7.5 6.2 0.9 15.5 

 8 - 10 6.0 1.6 12.5 

 

- What depth layer has the fastest mean speed (+0.125)? 

The fastest mean speed (9.3 cm / s) occurs at a depth of 11 m. 
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- What depth layer has the slowest mean speed (+0.125)? 

Slowest mean speed (5.2  cm / sec) occurs at the layer between 3 – 5 m. 

 

- Are you surprised by this result? Why / Why not (+0.125)? 

 

This is somewhat surprising because, given the Ekman theory, we 

would expect the fastest current speed would occur at the surface. 

However, in this case it was observed at the deepest depth, of 11 m.  

This result suggests there may be an intrusion of “dense” water, likely 

driven by the flooding tide.  This would have to be cooler and saltier 

oceanic water moving onshore along the deeper channel, below the 

more buoyant surface water.    

 

However, when we analyzed the 2.5 m resolution data, the fastest 

current was indeed observed near the surface (in the 0.5 - 2.5 m layer). 

This is most likely due to wind stress at the surface, as predicted by the 

Ekman equation.  

 

Hint:  Due to the highly variable data at the 0.5 m resolution, the 

result from the 2.5 m data seems more reliable.  Averaging of data 

temporally and spatially is often needed to remove the noise and make 

the signals more evident.  However, this averaging tends to smooth out 

the “spikes” (highs and lows) in the data.  This is evident in both the 

drogue speeds and the ADCP speeds. 

 

(Hint: Look at the 2.5m resolution depth-averaged speed data in the  

same sheet, do they suggest a pattern similar to the data with 0.5m 

resolution?)  
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4a)  To finish this part, go to the Pacific Islands Ocean Observing System (PacIOOS) 

website, and check out the Kaneohe Bay model current speed predictions: 

(http://www.pacioos.hawaii.edu/currents/model-kaneohe/) 

HINT:  Use cm / s units.   

Select the satellite view (with labels). Focus on the south bay, from Waikane to the MCBH 

Revisit the sites you explored in hw #2:   

S (off Kahaluu stream), M (off MCBH) and O (off the Makapuu Peninsula) 

 

 

Dial back the model to the day of the field work (Oct 17, at 9 am).  Use the maps 

of the model output to answer these three questions (+0.125 each) 

http://www.pacioos.hawaii.edu/currents/model-kaneohe/
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- What happens to the apparent speeds (the color of the arrows) as you 

zoom closer into the bay?  Why is this happening? 

 

As the map is zoomed in the color of the arrows shift towards the red 

(faster) end of the spectrum in the legend. As we zoom in, we can see 

the finer-scale (smaller spatial resolution) data, which is not averaged 

over space and shows a wider range of values (larger maximums and 

lower minimums).  This is the same effect as when we average the 

drogue speed or the ADCP data. 

 

- Where do you find the faster surface water flow (at 0.25 m depth), and 

what is the approximate speed (cm / s) (based on the legend)?  

 

The faster surface water flow occurs on the east side of the bay near 

Site O, with water flowing out of the channel towards the open ocean. 

The approximate speed is 28 cm / s.  
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- Where do you find the slower surface water flow (at 0.25 m depth), and 

what is the approximate speed (cm / s) (based on the legend)? 

 

The slower surface water flow near the surface occurs in the south 

bay, near Site M. The approximate speed is 0.1 cm / s. 

  

- Zoom into the area off the Kahaluu stream (site S in attached map) and 

click on the map, to generate a time plot of the current speed / direction 

over a few days.  Describe what you see in the time series. What do you 

think is the causing this pattern? NOTE: you can download the data, to 

have a closer look of the timing and magnitude of the high and low 

values. 

 

 
In the time series showing current speed and direction, the speed 

seems pretty steady until the afternoon of Oct. 17 when an increase in 

velocity is observed. Again the velocity drastically increases on the 

afternoon of Oct. 18. The spikes in velocity are probably due to 

increased runoff from the Kahaluu stream with about a day lag after rain 

events. The direction of the current flow throughout the time series 
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fluctuates a lot but seems to have an overall flow between the north 

and east directions. 

 

- Zoom into the area off MCBH (site M in attached map) and click on the 

map, to generate a time plot of the water speed / direction over a few 

days.  Describe what you see in the time series.  What do you think is 

causing this pattern? NOTE: you can download the data, to have a closer 

look of the timing and magnitude of the high and low values. 

 

 
In this time series the water velocity seems to have a diurnal cycle, 

increasing in the afternoon and decreasing at night/early morning. The 

current direction during this diurnal cycle flows to the west during high 

current velocities and between north and east during periods of lower 

current velocities. The cause of this pattern is most likely due to the 

strengthening of the prevailing NE trade winds throughout the day with 

the fastest velocities occurring around 3pm daily. 
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- Zoom into the area off the Makapuu Peninsula (site O in attached map) 

and click on the map, to generate a time plot of the water speed / 

direction over a few days.  Describe what you see in the time series.  

What do you think is causing this pattern? NOTE: you can download the 

data, to have a closer look of the timing and magnitude of the high and 

low values. 
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 Throughout this period, there are large variations in water velocity. 

Water velocity also seems to fluctuate multiple times daily, indicating 

that multiple factors may be influencing the speed and direction of the 

current.  Interestingly, a small eddy occurs due to the current flowing NE 

out of the channel. However, at the exact site that the time series was 

constructed the higher velocity currents are travelling in a westward 

direction, indicating that the surface flow is dependent on the prevailing 

NE trade winds. These typically increase throughout the day with 

maximum current speed occurring around 3pm.  

 

4b) To finish, switch depth from 0.25 to 5 m and answer these questions (+0.125 

each): 
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- Where do you find the faster sub-surface water flow (at 5 m depth), and 

what is the approximate speed (based on the legend)?  

 

The faster sub-surface water flow occurs to the NE of the bay. In this 

area the current flows through the channel and out of the bay with an 

approximate speed of 29 cm / s.  

 

- Where do you find the slower sub-surface water flow (at 5 m depth), 

and what is the approximate speed (based on the legend)? 

 

Again, the slower sub-surface flow occurs in the south bay. The 

approximate speed nears 0 cm / s.   
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- After looking at the 0.25 m and 5 m depth data at the two deeper-water  

sites (M and O) does it seem like water speeds are higher at 0.25 m or at 

5 m depth? Please explain your answer. 

 

Surface (0.25 m depth) water speeds at sites M and O seem to be 

faster than subsurface (5 m depth) water speeds. The arrows show 

brighter colors, indicative of faster water velocities.  This result is likely 

due to the wind stress on the sea surface creating faster near-surface 

currents, and attenuating with depth. 

 

 

5) Draw the cartesian coordinate system used in oceanography.  Show direction x 
y and z.  In addition, show velocities u, v and w and indicate positive direction for 
each (+0.125).    
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6a) Compute dynamic viscosity assuming a pressure of one pascal between two 
layers produces a produces a current shear of one meter per second per meter.  
That is the current speed decreases one meter per second for each meter change 
in depth.  What are the units of the dynamic viscosity you computed?   
 
Velocity shear = 1 m / sec  
dz = Vertical gradient = 1 m 
du / dz = 1 / sec 
Dynamic Viscosity = (1 pascal) / (du/dz) = 1 kg m-1 sec-1 
 
Units of Dynamic Viscosity = kg m-1 sec-1 

1 pascal = 1 Newton / m2   = kg / m sec 2   
= kg / m sec 2  = (kg / m sec) * (1 / sec)  
= Dynamic Viscosity * (m / s * 1 / m) 
= Dynamic Viscosity * (du / dz) 
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Assuming a seawater density of 1024 kg m^3 compute an eddy diffusion 
coefficient (ie., kinematic viscosity) (+0.125). 
 

 
 
Dynamic Viscosity = (1 pascal) / (du/dz) = 1 kg m-1 sec-1 
 
Kinematic Viscosity = (1 kg m-1 sec-1) / (1024 m3 kg-1) = 9.77 *10-4 m2 sec-1 

 
 

7) Using the dynamic viscosity calculated above compute kinematic viscosity (also 
called an eddy diffusion coefficient) assuming a density of 1025 kg m-3 (+0.125). 
 
Dynamic Viscosity = (1 pascal) / (du/dz) = 1 kg m-1 sec-1 
 
Kinematic Viscosity = (1 kg m-1 sec-1) / (1025 m3 kg-1) = 9.76 *10-4 m2 sec-1 

 

NOTE:  As water density increases, kinematic viscosity declines and dynamic viscosity does not. 
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8) Compute the magnitude of the Coriolis for a 10 kg parcel of sea water moving 

and 1 m sec-1 directly toward the equator at 30 degrees north in the Northern 

Hemisphere.  What is the sign of the Coriolis force and what is its direction within 

the coordinate system used in oceanography? (+0.125). 

 

Coriolis Force = m (kg) * f (sec-1) * U  (m sec-1)  

(units = kg m-1 sec-2 = Newtons) 
 
M – mass of moving object or water parcel: 10 kg 
U – speed but also could be a vector to provide speed and direction: 1 m / s 

F – Coriolis parameter 2 * Ω * sin (latitude) 
Where:  Ω = angular rotation of the Earth 7.29 *10 -5 sec-1 

                       sin (latitude) = sin (30) = 0.5 (NOTE = 2 * 0.5 = 1) 

Coriolis Force = 7.29 * 10-4 kg m/sec2 

Coriolis Force = (10 kg) * (7.29 *10-5 sec-1) * (1 m sec-1) = 7.29*10-4 kg m sec-2 

 

If the current is moving south (-v) in the northern hemisphere, this is the 
geometry of the vectors involved, showing that the direction of the Coriolis force 
generated by this moving object is -u (westward).   

   
 

Remember: 

In the northern 

Hemisphere: 

+x-y, -y-x 

 


