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Figure 4.9: a) Time series of EOF mode 1 of along channel transport in upper layer
from observation data and the transport in the upper layer computed by the model
(solid line). b) Coherence square between along channel transport in the upper layer
from observation and that computed by the model. (+) denotes outflow, (-) denotes

inflow. The straight line denotes 95% confidence limit.
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observation result, with a 10 order difference.

4.3.3 Summary

From the result of the model and the comparison between model result and obser-

vation result, we can get the conclusions:

e The model reproduces the influence of wind force in the surface layer and the

counter influence in the lower layer in the Narrows.

e The model reproducing the influence of the internal wind-driven waves out side

the harbor to the flow in the lower layer in the Narrows.

e Transport computed from the model result in the Narrows is coherent with trans-
port calculated from EOF mode 1 of observation data which indicates the wind-

driven transport in the Narrows.

e Comparison between modeled velocity and observation velocity outside the har-
bor showing the trend of the two variables matching each other well although the

scale of them has a order difference.




Chapter 5

Summary and Conclusions

The goal of this research is to clarify the circulation and its regulating force in the
Narrows of the St. John’s harbor. This thesis was begun with the analysis of the current
observations from the summer and fall of 1999 and 2000. Harmonic tidal analysis and
EOF were used to analyze the observation data. Then a two-layer numberical model
driven by wind stress was used to study the forces influencing the flow in the Narrows

and the model result was compared with the observation result.

Observations in both years shows the current in the Narrows has a two-layer vertical
structure during most of the time with the upper layer above 5 m depth which is
apparently influenced by strong wind in this area. A strong bottom outflow was found
in the center of the Narrows during August in both years. This bottom flow has a
seasonal feature in both years, keeping strongest in August, declining in September,

and vanished in November.
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A two-layer ocean model is used to reproduce the influence of wind stress on the
current in the Narrows. The model result also shows that current of the lower layer
in the Narrows is highly cohered with the flow in the lower layer outside the harbor.
Transport calculated from the model result in the Narrows coheres well with transport
calculated from EOF mode 1 of the observation data. Comparison between model
velocity and observation velocity outside the harbor showing the trend of the two
variables matching each other well although the magnitude of the them has an order

difference.



Bibliography

[1]

[4]

[7]

Allen, S.E., Topographically generated subnertial flows within a finite length
canyon, J. Phys. Oceanogr., 1996, 26, 1646-1654.

Bretschneider, D.E., G. A. Cannon, et al., Variability of subtidal current struc-
ture in a fjord estuary: Puget Sound, Washington, J. Geophys. Res., 1985, 90,
11949-11958.

Bubino M., Hessner K., Decay of Stable Warm-Core Eddies in a Layered Frontal
Model, J. Phys. Oceanogr., 2002, 32, 188-201.

Buttkus B., Spectral Analysis and Filter Theory in Applied Geophysics, 2000,
667pp.

Carmack, E., and Y. Kulikov, Wind-forced upwelling and internal Kelvin waves

in Mackenzie Canyon, Beaufort Sea, J. Geophys. Res., 1998, 103, 18,447-18,458.

Chen, X., and S.E. Allen, Influence of Canyons on shelf currents - a theoretical

study, J. Geophys. Res., 1996, 101, 18,043-18,059.

Clarke, A.J., Observational and numerical evidence for wind-forced coastal

trapped long wave, J. Geophys. Res., 1977, 7, 231-247.

106






BIBLIOGRAPHY 108

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Foreman, M.G.G., Manual for Tidal Heights Analysis and Prediction, Pacific
Marine Science Report 78-6, Institute of Ocean Sciences, Patricia Bay, Victoria

B.C., 1977.

Foreman, M.G.G., R.A. Walters, R.F. Henry, C.P. Keller, and A.G. Dolling, A
tidal model for eastern Juan de Fuca Strait and the southen Strait of Georgia.,

J. Geophys. Res., 1995, 100, 721-740.

Friedrichs, C.T., and J.M. Hamrick, Effects of channel geometry on cross sectional
variations in along channel velocity in partially stratified estuaries, Buoyancy
Effects on Coastal and Estuarine Dynamics, Coastal and Estuarine Studies, 53,

283-300.

Geyer, W.R. and G.A.Cannon, Sill processes related to deep water renewal in a

fjord, J. Geophys. Res., 1982, 87, 7985-7996.

Geyer, W.R., J.H. Trowbridge and M.M. Bowen, The Dynamics of a Partially
Mixed Estuary, J. Phys. Oceanogr., 2000, 30, 2035-2048.

Gill, A.E.; and E.H., Schumann, The generation of long shelf waves by the wind,
J. Phys. Oceanogr., 1974, 4,83-90.

Glorioso, P.D.; and A.M. Davies, The influence of eddy viscosity formulation,
bottom topography, and wind wave effects upon the circulation of a shallow bay,

J. Phys. Oceanogr., 1995, 25, 1243-1264.

Greatbatch, R.J. and T. Otterson, On the Formulation of Open Boundary Con-

ditions at the Mouth of a Bay, J. Geophys. Res., 1991, 96, 18,431-18,445.



BIBLIOGRAPHY 109

(25]

[27]

[29]

[30]

[31]

[32]

[33]

Hearn, C. J., J.R. Hunter, and M.L. Heron, The effects of a deep channel on the
wind-induced flushing of a shallow bay or harbor, J. Geophys. Res., 1987, 92,
3913-3924.

Hunter, J. R., and C.J. Hearn, Lateral and vertical variations in the wind-driven

circulation in long, shallow lakes, J. Geophys. Res., 1987, 92, 13,106-13,114.

Ianniello,J.P., Tidally induced residual currents in estuaries of constant breadth

and depth, J. Marine Res., 1979, 35, 755-785.

Inall M., Cottier F., et al., Sill dynamics and energy transformation in a jet fjord,

Ocean Dynamics, 2004, 54, 307-314.

Janzen, C.D., Forcing of Subtidal Currents and Salinity in a Coastal Lagoon,
M.S. thesis, 1996, 127 pp., Univ. of Del. Newark.

K. Pearson, On limes and playes of closest fit to systems of points in space. Phil.

Mag., 1902, 2:559-572.

Kjerfve, B., and B.A. Knoppers, Tidal Choking in a Coastal Lagoon, in Tidal

Hydrodynamics, Edited by B. Parker, 1991, pp. 169-181, John Wiley, New York.

Kjerfve, B., J. E. Greer, and R.L. Crout, Low-frequency Response of Estuarine
Sea Level to Non-local Forcing, in Estuarine Interactions, edited by M. L. Wiley,

pp 497-513, Academic, San Diego, Calif, 1978.

Lorenz, E.N., Empirical orthogonal functions and statistical weather prediction.
Sci. Rep. No. 1, Statistical Forecasting Project, 1956, M.I1.T., Cambridge, MA,
48 pp.









BIBLIOGRAPHY 112

[52] Svenden, H. and R.O.R.U. Thompson, Wind-driven circulation in a fjord, J.
Phys. Oceanogr., 1978, 14, 904-921.

[53] Thompson, K.R. and J. Sheng, Subtidal circulation on the Scotian Shelf: Assess-
ing the hindcast skill of a linear, barotropic model, J. Geophys. Res., 1997, 102,
24,987-25,004.

[54] Thompson, R.O.R.Y., Low-pass filters to suppress inertial and tidal frequencies,
J. Phys. Oceanogr., 1983, 13,1077-1083.

[55] Valle-Levinson,A. and L. Atkinson, Spatial gradients in the flow over an estuarine

channel, Estuaries, 1999, 22(2A), 179-193.

[56] Valle-Levinson,A., K. Wong, and K. Bosley, Observations of the wind-induced

exchange at the entrance to Chesapeake Bay, J. Mar. Res., 2001a, 59(3), 391-416.

[57] Valle-Levison, A., L.P. Atkinson, D. Figueroa, and L.Castro, Flow induced by
upwelling winds in an equatorward facing bay: Gulf of Arauco, Chile, J. Geophys.
Res., 2003b, 108(C2), 3054.

[58] Walter, R. a., Low-frequency Variations in Sea Level and Currents In South San

Francisco Bay, J. Phys. Oceanogr., 1982, 12, 658-668.

[59] Walters, R.A., and J. W. Gartner, Subtidal Sea Level and Current Variations in
The Northern Reach of San Francisco Bay, Estuarine Coastal Shelf Sci., 1985,
21, 17-32.

[60] Wang, D.-P, and A. J. Elliott, Non-tidal Variability in The Chesapeake Bay and
Potomac River: Evidence for Non-local Forcing, J. Phys. Oceanogr., 1978, 8,
225-232.




BIBLIOGRAPHY 113

[61]

[62]

[63]

[64]

[65]

Wang, D.-P., Low Frequency Variability on the Middle Atlantic Bight, J. Mar.
Res., 1979, 37, 683-697.

Wang, D.-P., Subtidal Sea Level Variations in The Chesapeake Bay and Relations

to Atmospheric Forcing, J. Phys. Oceanogr., 1979, 9, 413-421.

Weisberg, R. H., The Nontidal Flow in The Providence River of Narragansett
Bay: A Stochastic Approach to Estuarine Circulation, J. Phys. Oceanogr., 1976,
6, 721-734.

Weisberg, R. H., and W. Sturges, Velocity Observations in The West Passage
of Narragansett Bay: A Partially Mixed Estuary, J. Phys. Oceanogr., 1976, 6,
345-354.

Wiseman, W. J., W. W. Schroeder, and S. P. Dinnel, Shelf-estuarine Water
Exchanges Between the Gulf of Mexico and Mobile Bay, Alabama, Am. Fish.

Soc. Symp., 1988, 3, 1-8.

[66] Wong, K.-C., and J. DiLorenzo, The Response of Delaware’s Inland Bays to

Ocean Forcing, J. Geophys. Res., 1988, 93, 12,525-12,535.

[67) Wong, K.-C., and R. E. Wilson, Observations of Low-frequency Variability in

Great South Bay and relations to Atmospheric Forcing, J. Phys. Oceanogr., 1984,

14, 1893-1900.

[68] Wong, K.-C., and R. W. Garvine, Observations of Wind-induced Subtidal Vari-

ability in The Delaware Estuary, J. Geophys. Res., 1984, 89, 10,589-10,597.




BIBLIOGRAPHY 114

[69] Wong, K-G. and J. E. Moses-Hall, On the relative importance of the remote and
local wind effects to the subtidal variability in a coastal plain estuary, J. Geophys.

Res., 1998, 103, 18,393-18 404.

[70] Wright, D.G., D.A. Greenberg, and F.G. Majaess, The influence of bays on
adjusted sea level over adjacent shelves with application to the Labrador shelf,

J. Geophys. Res., 1987, 92(C13), 14,610-620.









APPENDIX A.

117

Table A.2: Summary Statistics of ADCP current velocity in October/November, 1999

Depth(m) Component

3

10

11

12

14

A%

u

v

u

u

u

u

u

u

u

Max(cm/s)
17.74
30.91
19.34
27.26
22.03
21.39
23.50
21.50
22.42
24.33
23.57
27.00
24.27
28.42
22.90
28.41
21.74
26.32

Min(cm/s)
0.00
0.02
0.01
0.00
0.00
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.03
0.00
0.11
0.00
0.03

Mean(cm/s)
-0.11
4.42
-0.15
1.93
-0.73
-2.28
-1.62
-5.41
-1.77
-6.08
-1.94
-6.43
-1.91
-6.42
-1.80
-6.37
-1.30

-5.71

Std(cm/s)
1.93
5.93
1.93
5.73
2.29
471
2.06
4.90
2.16
5.52
2.18
6.01
2.18
6.43
2.18
6.68
1.94
6.92
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Table A.3: Summary Statistics of ADCP current veloc

ity at N2 in 2000

Depth(m) Component Mean(cm/s) Std(cm/s) Max(cm/s)

3

10

11

12

14

16

18

u

v

u

1.79
0.44
-0.29
0.29
-1.75
0.83
-1.61
0.91
-1.51
0.68
-1.30
0.57
-0.98
0.54
-0.72
0.38
-0.26
0.52
0.03
-0.01
0.25
-0.85

5.08
2.60
4.05
2.41
2.98
1.98
2.36
1.68
2.27
1.51
2.24
1.46
2.17
1.72
2.14
1.37
2.24
1.82
2.28
1.31
3.02
2.00

18.07
13.04
16.60
13.88
15.59
10.40
11.35
7.92
9.06
6.29
9.21
6.64
8.36
7.33
9.47
5.55
7.81
8.43
8.25
6.93
11.79

10.72

118






APPENDIX A.

Table A.5: Summary Statistics of ADCP current velocity at N4 in 2000

Depth(m)
3

10

11

Component Mean(cm/s) Std(cm/s)

u

v

u

v

u

v

u

v

u

v

u

v

u

-0.47
0.33
-1.79
0.56
-2.53
0.58
-2.93
0.61
-3.05
0.56
-2.85
0.48
-2.55
0.29
-2.10
-0.02
-1.71

-0.27

3.60
1.91
3.47
1.85
3.48
1.79
3.46
1.83
3.43
1.76
3.26
1.73
3.11
1.78
2.87
1.80
2.55
1.81

Max(cm/s)
15.00
9.67
15.00
8.91
18.30
8.48
15.00
7.96
16.10
8.35
13.50
7.84
12.60
8.43
12.20
7.03
10.00
7.63
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