
MARS 4080 / 6080 Fall 2019 - Homework #2 

 
 

Student: __KEY__________                       Email: _________________ 

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

(e.g., MARS6080_Hw2_Hyrenbach.doc and MARS6080_DataHw2_Hyrenbach.xls) 

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

16, using “MARS4080-6080: Hw 2” as the message title.  This assignment is 5 

worth points and 5% of the class grade.   

1) First, you will explore the vertical structure of the water column using a CTD 

profile collected offshore Kaneohe Bay, down to 90 meters depth.  Open 

the file MARS6080_4080_DataHw2.xls and use the fine-scale (1m) data to 

sheet “offshore_1 m” to summarize the hydrographic properties.  

 

1a) Report the following (NOTE, for the min and max values, also report the 

depths - in meters – where those values occur (+0.125 for each variable):  

 

Variable Min Min Depth Max  
 

Max Depth 

Temperature 22.62 90 27.54 2 
Salinity 34.71 55 35.00 90 

Density 1022.42 1 1024.44 90 

   

1b) Create and paste two scatterplots, showing how water density is 

related to water temperature and to water salinity (+0.125 each).  Based on 

these plots, does salinity or temperature more strongly influence water 

density. Explain your rationale (+0.125). 

 

Density is more strongly influenced by temperature than salinity at this site 

outside of Kaneohe Bay. Salinity increased with depth and temperature 

decreased with depth. Both of these factors increase density but the 

correlation between density and temperature was much stronger                         

(r2 = 0.998) than the correlation between density and salinity (r2 = 0.505) 

indicating that the former influences water density more strongly.  

mailto:khyrenba@gmail.com


MARS 4080 / 6080 Fall 2019 - Homework #2 

 
 

 

 
Figure 1: Scatterplot of density versus Salinity collected offshore  

Kaneohe Bay, from the surface to to 90 meters depth.    

 

 

 
Figure 2: Scatterplot of density versus temperature collected offshore 

Kaneohe Bay, from the surface to 90 meters depth. 
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2) Next, use the coarser-scale data, averaged every 5 meters, in the 

“offshore_5m” sheet to calculate the vertical gradients in water properties. 

2a) Explain how you will calculate the vertical gradients every 5 meters, by 

comparing the adjacent cell values. Explicitly state what equation you will use 

to define these gradients, and report the units of the gradients (+0.125 points). 

Generic formula used to compute gradients = ((B4)-(B5)) / ((A4)-(A5))  

T. G.= ((Temp Below)-(Temp Above)) / ((Depth Below)-(Depth Above)) 

Because we are always using a 5m depth interval, (Depth Below – Depth 

Above) can be replaced with 5 m. 

The units for temperature are degrees Celsius per meter (o c/m) 

The units for salinity are PSU per meter (PSU/m) 

The units for density are Density (kg/m3) per meter (kg/m4) 

 

2b) Calculate the vertical gradients of temperature, salinity and density in the 

excel sheet provided (insert formulas in the yellow shaded cells).  Then, report 

the following (NOTE, for the min and max values, also report the depths - in 

meters – where the maximum gradients occur (+0.125 for each variable):  

 

Gradient Max Value Max Depth 

Temperature -0.12 0c/m 82.5 to 87.5 m 

Salinity      0.013 PSU/m 67.5 to 72.5 m 
Density       0.044 kg/m4 52.5 to 57.5 m 

 

NOTE: The sign of these vertical gradients: 

- temperature decreases with depth 

- salinity increases with depth 

- density increases with depth 
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2c) Create and paste three line plots, showing the vertical gradients in 

temperature, salinity and density from the 5m data (+0.125 each).  Based 

on these plots, do you think salinity or temperature are more directly 

influencing water density. Explain your rationale (+0.125). 
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2d) Based on the vertical plots you pasted above, explain what changes in 

water properties you see as you move deeper into the water column 

(+0.125).   

Based on the vertical following plots, it seems like temperature has more of 

a direct influence on water density.  Temperature has a relatively large and 

consistent gradient from the surface to 90 m depth, which seems to match 

the vertical density gradient.  Salinity, on the other hand, fluctuates widely, 

with positive and negative changes, throughout the water column. 
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Answer these three questions:   

- Do you see evidence of a mixed layer (Explain) (+0.125)?    

 

Looking at the vertical salinity profile, we 

see that the values are quite consistent 

for the first 50 meters, which suggests 

there is a mixed layer. 

 

- Do you see evidence of a thermocline (Explain) (+0.125)?    

 

Looking at the vertical temperature 

profile, we see there is mixed layer from 

the surface to a depth of about 35 

meters. There may be what appears to be 

two slight thermocline at around 25 

meters and around 75 meters, but they 

hard to make up. 

 

- Do you see evidence of a pycnocline (Explain) (+0.125)?    

 

 

There is no evidence of a 

pyncocline in the vertical density 

profile. Instead, there is a 

gradual increase in density, with 

depth. 
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3) Next, use the data in the “Onshore_Surface” sheet to explore horizontal 

variability in water properties.  These are finer-scale (1m) data from the top 

meter of the water column, collected at 7 stations separated by 50 meters 

each, and located along a 300 m transects from the Kahaluu stream mouth 

(distance = 0) to offshore (distance = 300 m).   

3a) Report the following summary statistics across the 7 stations (NOTE, for 

the min and max values, also report the location of the station (+0.125 for 

each variable):  

Variable Min  Min Distance 
(Station) 

Max  Max Distance 
(Station) 

Temperature 27.98 St = 7  Depth= 12 
Distance 300 

28.49 St= 3 Depth= 4 
Distance 100 

Salinity 33.27 St= 1  Depth= 1 
Distance 0 

34.81 St= 6 Depth= 12 
Distance 250 

Density 1020.95 St= 1  Depth= 1 
Distance 0 

1022.29 St = 7  Depth= 12 
Distance 300 

 

3b) Calculate the gradients of temperature, salinity and density in the excel sheet 

“Onshore_Surface” (use the yellow shaded cells provided).  Calculate the 

horizontal gradients every 50 meters, by comparing the adjacent station values. 

Explicitly state what equation you will use to define these gradients, and report 

the units of the gradients (+0.125 points). 

Generic Formula for Horizontal Gradient =((D3)-(D2)) / ((B3)-(B2))  

=((Temp end)-(Temp start)) / ((Distance end)-(Distance start)) 

The units for temperature are degrees Celsius per meter (oC / m) 

The units for salinity are PSU per meter (PSU / m) 

The units for density are Change in Density (kg/m3) per meter (kg / m4) 
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3c) Report the following information about these horizontal gradients                

(NOTE, for the max values, also report the position of the station along the 

transect (in meters) of the maximum values (+0.125 for each variable):  

 

Gradient Min  Min Distance 
(Station) 

Max  Max Distance 
(Station) 

Temperature -0.001096 Between St 2-3  
Distance 75 m 

0.01028 
 

Between St 3-4  
Distance 125 m 

Salinity -0.002642 Between St 1-2  
Distance 25 m 

0.00233 
 

Between St 6-7  
Distance 275 m 

Density -0.002248 Between St 2-3  
Distance 75 m 

0.01381 
 

Between St 3-4  
Distance 125 m 

 

 

3c) Create and paste three line plots, showing the horizontal gradients in 

temperature, salinity and density (+0.125 each).  Based on these plots, 

explain what changes you see as you move offshore from the stream 

mouth (+0.125).   

Based on the plots, the temperature tends to initially decrease at the 

surface as we move along the transect off shore and then around 100 

meters it begins to increase. The salinity only changes minimally for the first 

three sites and then increases with distance from the Kahalu‘u Stream 

tapering off to near constant salinity as sites get closer to the open ocean. 

The density only changes minimally for the first three sites and then 

increases with distance from the Kahalu‘u Stream tapering off to near 

constant salinity as sites get closer to the open ocean. 

 Note that salinity and density have very similar plots in this surface survey.  
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Scatterplot of 

temperature gradient 

verses distance.  

 

 

 

 

Scatterplot of density 

gradient verses 

distance.  

 

 

 

 

Scatterplot of salinity 

gradient verses 

distance.  
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3d) Considering the surface water properties along this transect, and at the 

offshore station you looked at in question 1, where:   

Depth 
(m) 

Temp  
(o C) 

Salinity 
(PSU) 

Density 
(kg/m3) 

1 27.53 34.83 1022.42 

 

Answer these questions about water properties in Kaneohe Bay (+0.125 each) 

- Where do you expect to find the fresher (lower salinity) surface water?  

Near site 1, closer to Kahalu‘u Stream which delivers fresh water. 

 

- Where do you expect to find the saltier (higher salinity) surface water? 

Further out to sea near the Kaneohe Bay main channel, and the salty 

oceanic water offshore.  

 

- Where do you expect to find the warmer (higher temp) surface water? 

I would expect to find in near the Kahalu‘u Stream, where buoyant low 

salinity water layer sits near the surface, and is warmed by the sun. 

 

- Where do you expect to find the cooler (lower temp) surface water? 

I would expect to find colder water as we get further from the river and 

closer to the edge of the bay, especially close to the channels where the 

oceanic water comes in.  This cold oceanic water has not been sitting in 

the bay warming up.  

 

4) Next, use the sheet “onshore depth” where three deeper onshore stations 

(from the surface to 10 m) are shown.  You will use these stations to make 

two plots (+0.125 each) showing the horizontal (along the transect) and the 

vertical (across depth) patterns of temperature and salinity. Describe how 

conditions change from onshore to offshore (+0.125 each). (Hint: think 

about what plot would best describe these data): 
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- Temperature (Paste plot and add brief description): 

The site closest to shore was 

generally warmer (site 5) 

throughout the water column, 

except at the surface, likely due to 

the influence of the colder 

freshwater layer from Kahalu‘u 

Stream. As we move further 

offshore, the water becomes 

generally colder, but it appears 

that the cold surface layer from the 

stream is present at sites 5 and 6. 

 

- Salinity (Paste plot and add brief description): 

 

It looks like the freshwater form 

Kahalu‘u Stream is lowering the 

salinity of the surface water at 

all sites, creating a fairly strong 

and consistent gradient with 

depth. The site closest to shore 

has the lowest surface salinity.  

 

 

 

 

5) Finally, go to the Pacific Islands Ocean Observing System (PacIOOS) website, 

and check out the Kaneohe Bay model current predictions: 

(http://www.pacioos.hawaii.edu/currents/model-kaneohe/)  HINT:  Use deg. C. units.   
Select the satellite view (with labels). Focus on the south bay, from Waikane to the MCBH 

http://www.pacioos.hawaii.edu/currents/model-kaneohe/
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Dial back the model to the day of the field work (sept 20, at 9 am).  Use the maps 

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

- Where do you find the warmer water (at 0.25 m depth), and what is the 

approximate temperature (deg. C.) (based on the legend)?  

 

 

 

The highest 

temperature is  

28.89 °C at  

21° 28.03' N,  

157° 50.09' W 

 

 

 

 

- Where do you find the cooler water (at 0.25 m depth), and what is the 

approximate temperature (deg. C.) (based on the legend)?  

 

 

The lowest 

Temperature is  

27.67 °C at 

21° 29.44' N,  

157° 49.74' W 

 

 

 

 

 

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


MARS 4080 / 6080 Fall 2019 - Homework #2 

 
 

- 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 water temperature 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. 

 

It looks like the surface water 

shows a clear diurnal pattern 

with higher temperatures 

occurring in the late 

afternoon, after the sun has 

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

map, to generate a time plot of the water temperature 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. 

 

The SE part of the bay 

exhibits a curious pattern 

with the highest 

temperatures occurring 

around 3 pm, followed by a 

rapid decline, that slows 

down in the evening. It is 

possible that this pattern is 

caused by the cooling effect 

of the breeze slowing down 

during the night, or by 

shifting water masses. 
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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 temperature 

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. 

-  

 

This area is just outside the San-

Pan channel and it is 

characterized by highly variable 

temperature, which is likely 

caused by the changing 

currents, with onshore 

movement of cooler oceanic 

water and offshore movement 

of warmer bay water. 

 

 

 

 

 

 

To finish, switch depth from 0.25 to 5 m. Answer these questions (+0.125 each): 
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- Where do you find the warmer sub-surface water (at 5 m depth), and 

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

The warmest subsurface water occurs in 

the SE corner of the bay where the 

residence time of the water is longest. 

Temperature ~ 29.5 o C. 

 

 

 

 

 

 

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

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

The coolest water in the bay 

occurs in the NE corner. The 

temperature ~ 27.5 o C. 


