
Wind-induced waves are a ubiquitous feature of the open ocean. Modeling wind induced waves in the ocean is done through empirical 

and numerical models. Modeling waves is much more complicated in the coastal zone than in the deep ocean and is even more difficult 

in enclosed bay and estuaries where complex geomorphology of the coast can influence wind, limit fetch, and complicate the wind 

generated wave field. Given the importance of waves to coastal communities it is important to have some simplified methods to predict 

basic wave characteristics like significant wave height (Hs) (USACE, 2006). In this study, wave buoys were deployed in Carr Creek, a 

small creek embayment at the mouth of the Severn River, and at Greenbury Point near the mouth of the Severn River in Chesapeake Bay 

to collect wave data (significant wave height, wave period) in February 2022. These data were compared to wind data to contrast the 

wintertime wave fields at these two geomorphology unique coastal locations under different meteorological forcing conditions. A 

modified version of the U.S. Army Corps of Engineers (USACE) Coastal Engineering Manual (CEM) method based on wind speed, 

wind direction, and fetch length (USACE, 2006; Etemad-Shahidi et al., 2009) was applied to predict Hs at each site for comparison to 

observed Hs values and evaluation as a means for simplified wave predictions in Carr Creek and at the mouth of the Seven River. 
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Two Sofar Ocean Spotter wave buoys were deployed at the mouth of the Severn 

River, a tidal tributary to the Chesapeake Bay, at two locations, Carr Creek 

embayment (SPOT-1633) and Greenbury Point, over the period of 01-27 FEB 2022 

(Fig. 1 and Fig. 2a). Each buoy was deployed on a bottom-mooring (Fig. 2b & c) to 

collect, record, and transmit hourly data (via iridium) on wave parameters such 

significant wave height (Hs, the average of the highest one-third of waves measured 

from trough to crest) and mean wave period (Tm, the average period of the wave 

field). A 2 m Onset HOBO U30 weather station was deployed at Greenbury Point 

(Fig.1) to collect 15-minute wind speed and direction data (Fig. 2d). The deployment 

location for the U30 station suffered from wind shadows and near surface turbulence 

so 6 minute wind speed and direction data was downloaded from the NOAA NDBC 

Station TPLM2 at18 m Thomas Point lighthouse. All wind speed (𝑼) data at height 

(𝒛) were corrected to a 10 m reference height using the USACE approximation 𝑼 =

𝑼𝒛 ∙ Τ𝟏𝟎 𝒛
𝟏

𝟕 . Wave and wind data was averaged to the coincident hour. Fetch lengths 

around the wave buoys were estimated by extending radials from each buoy at 15°

intervals until they intersected the coast. Mean fetch length (𝑿) for each 15° interval 

was estimated using the two closest adjacent fetch lengths (Table 1). Wind duration 

(times with constant, sustained wind) was defined as the number of consecutive hours 

where wind speed (𝑼) and direction (𝑫) met the following conditions: 𝑼𝒊 − ഥ𝑼 <

𝟐. 𝟓 𝒎 ∙ 𝒔−𝟏 and 𝑫𝒊 − ഥ𝑫 < 𝟏𝟓°. Estimated fetch lengths and wind duration was used 

to determine whether to use fetch-limited or duration-limited conditions for Hs

predictions using the CEM method (USACE, 2006; Etemad-Shahidi et al., 2009).  

• Wave parameters (Hs and Tm) at Carr Creek embayment and Greenbury Point at the
mouth of the Severn River were a function of sustained wind speed and direction and 
differed due to available fetch length for a given wind direction. The highest Hs values 
occurred with sustained winds from the South-to-East. The sheltered geomorphology 
of Carr Creek embayment had lower Hs values as compared to Greenbury Point.   

• The CEM method shows promise for first order prediction of Hs in areas of the Severn 
River mouth exposed to sustained winds over longer fetch lengths. It could possibly be 
refined and improved upon using empirical evidence and to the benefit of decision 
makers and coastal managers at the U.S. Naval Academy and Annapolis, MD 

Given the sheltered location of Carr Creek embayment and the shorter fetch lengths (Table 1) as compared to Greenbury Point (Fig. 1), it is not 

surprising that measured Hs values by the SPOT-1633 buoy were consistently lower (0.10 m average) than those measured by the SPOT-1634 buoy 

(0.20 m average) (Fig. 3). The highest Hs values at both sites occurred during times when sustained winds were from the South to East, the sectors 

with the longest fetch lengths. Under most conditions, the Tm at both sites was between 2-3 seconds with limited events where Tm was as high as 6 

seconds. Under certain wind directions Tm was significantly higher in Carr Creek embayment than at Greenbury Point. Observed differences in Tm

could indicate propagation of out of area waves from the main-stem Chesapeake Bay. The observed relationship between Hs and sustained wind 

speed and direction, suggest it may be possible to make first-order predictions of Hs in Carr Creek embayment and at Greenbury Point.  

Figure 1. Map showing the deployment locations for moored Sofar Ocean Spotter wave buoys in Carr Creek embayment (SPOT-1633) and at Greenbury Point at 

the mouth of the Severn River in the Chesapeake Bay. Also shown is the Greenbury Point deployment location for a Onset HOBO U30 weather station and the 

location of the National Oceanic and Atmospheric Administration (NOAA) National Data Buoy Center (NDBC) Station TPLM2 at Thomas Point lighthouse. 

Radials are drawn from each wave buoy location at 30° intervals to indicate fetch lengths (Table 1).   

Table 1: Measured fetch length (km) over 30° direction 

intervals from buoys SPOT-1633 and SPOT-1643.  

Figure 3. (top) Significant wave height (Hs) and (middle) mean wave period (Tm) measured by Sofar Spotter Buoys SPOT-1633 and SPOT-1634 (Fig. 1); and (bottom) wind 

speed and wind direction measured at the Onset HOBO U30 weather station on Greenbury Point and at NOAA NBDC Station TPLM2 from 01-27 FEB 2022.  

Angle from True N (°)
SPOT-1633 Fetch 

Distance (km) 

SPOT-1634 Fetch 

Distance (km) 

0 0.58 1.80

15 0.41 3.30

30 0.36 3.87

45 0.34 10.06

60 0.34 16.24

75 0.32 10.96

90 0.32 9.09

105 0.31 8.32

120 0.31 8.77

135 0.22 10.61

150 0.36 17.16

165 9.57 46.58

180 3.84 50.92

195 3.29 2.37

210 2.58 2.29

225 2.00 2.25

240 1.78 2.18

255 2.04 2.09

270 1.30 2.10

285 0.43 2.42

300 0.39 3.30

315 0.36 2.84

330 0.42 1.59

345 0.43 0.91
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Figure 2. Capstone Team: (a) deploying Sofar 

Spotter wave buoys; (b) setting up buoy 

moorings; (c) deploying Sofar Spotter buoy 

mooring at Greenbury Point; and (d) 

downloading date from the U30 weather station.
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c. d.

A modified version of the CEM method based on 

wind speed (𝑼), wind direction (𝑫), and fetch 

length (𝑿) (USACE, 2006; Etemad-Shahidi et al., 

2009) was applied to predict Hs at Carr Creek 

embayment and Greenbury Point for comparison 

to observed Hs values. The minimum wind 

duration (𝒕𝒎) for fetch-limited conditions was 

determined as:

𝒕𝒎 = 𝟕𝟕. 𝟐𝟑 ∙
𝑿𝟎.𝟔𝟕

𝑼𝟎.𝟑𝟒 ∙ 𝒈𝟎.𝟑𝟑
; 𝒈 = 𝟗. 𝟖 𝒎 ∙ 𝒔−𝟐

All other times were considered duration-limited. 

The modified CEM method performs poorly in the 

shallow, sheltered Carr Creek embayment (Fig. 

4a). It performs much better at Greenbury Point 

where fetch lengths for all wind directions is 

significantly higher (Fig. 4b) but as was found by 

Etemad-Shahidi et al. (2009) in Lake Erie, the 

CEM tends to over-predict Hs, especially under 

duration-limited conditions (Fig. 4c). The method 

does shows promise for predicting Hs in areas of 

the Severn River mouth exposed to sustained 

winds over longer fetch lengths. It could possibly 

be refined by better measurements of fetch length

and improved upon using empirical evidence.  

Figure 4. (a) Predicted vs. observed Hs (SPOT-1633) in Carr 

Creek embayment; (b) predicted vs. observed Hs (SPOT-1634) at 

Greenbury Point; and (c) predicted and observed Hs at Greenbury 

Point, 16-27 FEB 2022 (Fig. 3). For fetch-limited conditions: 

𝑯𝒔 = 𝟒. 𝟏𝟑 𝒙 𝟏𝟎−𝟐 ∙
𝒖∗
𝟐
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where: 𝒖∗ = 𝑼 ∙ 𝑪𝑫
𝟏

𝟐; 𝑪𝑫(𝒅𝒓𝒂𝒈 𝒄𝒐𝒆𝒇𝒇) = 𝟎. 𝟎𝟎𝟏 ∙ 𝟏. 𝟏 + 𝟎. 𝟎𝟑𝟓 ∙ 𝑼

For duration-limited conditions (𝒕), 𝑿 in equation (1) becomes: 
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