
Meteorological Observations

Hourly meteorological observations (wind speed and direction)

were downloaded (Iowa State, 2022) between June 01, 2021 and

January 31, 2022 were made by the KNAK Annapolis Automated

Surface Observing System (ASOS) located at USNA (Fig. 1).

Data Methods

To compare water levels between Spa Creek with the Severn 

River, the data collected in Spa Creek were “upscaled” via linear 

interpolation to match the hourly temporal resolution of the NOAA 

Severn River data. Similarly, the data collected in Ego Alley was 

linearly interpolated to the observation times of the data collected 

on the Spa Creek bridge for comparison. SRWO salinity and 

temperature data were also interpolated. The common datum used 

is MLLW referenced to the NOAA Annapolis Tide Gauge. Ego 

Alley observations between February 4, 2022 at 1700 UTC and 

February 5, 2022 at 1230 UTC were discarded due to irregularities.

Spa Creek Water Level Data

As part of a joint project between the City of Annapolis, Baltimore

Gas and Electric (BGE) Connected Commutes, and Campbell

Scientific, a Campbell Scientific CS75A-L Radar Water Level

In recent years, the City of Annapolis has experienced an increase in flooding events that have

impacted the City’s infrastructure and economy. The NOAA Annapolis Tide Gauge, located at the U.S.

Naval Academy along the Severn River, provides real-time water level information to local

stakeholders. However water level observations in Downtown Annapolis (along Spa Creek or within

Ego Alley) have been sparse. Recently a water level sensor was deployed on the Spa Creek bridge as

part of a joint project lead by the BGE Connected Communities Program. The objective of this study is

to determine if there is a difference in coincident water level observations being reported by the NOAA

Annapolis Tide Gauge and Spa Creek. The results suggest that under specific wind regimes, differences

between the water level in Spa Creek and the Severn River do occur. However, Ego Alley and

Annapolis City Dock are the most impacted by flooding events. Therefore, a water level (pressure)

sensor was deployed at the Harbormaster slip in Ego Alley. Those observations were compared with

the water level observations in Spa Creek (which is connect to an automated alert system used by City

stakeholders). Preliminary results are inconclusive with a systematic negative bias, which is likely not

physical and the results of instrument deployment and/or geo referencing imprecisions.
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Abstract

Study Area and Methods

• South and southeast (north and northwest) wind forcing likely results in a 

higher (lower) water levels in Spa Creek compared to the Severn River. 

• When comparing water levels in Ego Alley and Spa Creek, the result is 

inconclusive due to the short data record and potential deployment issues.  

The water levels recorded between June 01, 2021 and Jan 31, 2022 by the NOAA Annapolis Tide 

Station (Severn River; Fig. 3a) and on the Spa Creek bridge (Fig. 3b) show a similar long term trend, 

with a noticeable high water event occurring at the end of October, 2022. Despite the similarities 

between Fig 3a and 3b, the data in Fig. 3c show the difference in water level between the Severn River 

and Spa Creek. The red indicates instances where the water level was higher at Spa Creek, whereas 

blue represents higher water levels in the Severn River (Fig. 3c). The overall mean difference between 

the Severn River and Spa Creak was -0.023 inches, which is within the reported instrument error of the 

Aquatrak Model 3000. This indicates no positive or negative bias in the overall water level 

differences.

Over the entire duration of study, the wind was predominately out of either the northwest and southeast 

(Fig 4a). South and southeasterly wind forcing (Fig. 4c) corresponds to when the water levels are 

higher in Spa Creek (Fig. 3c). Northwest wind forcing (Fig. 4b) corresponds to when the water levels 

are lower in Spa Creek (Fig. 3c). The physical interpretation of this result is that southeast winds push 

water into Spa Creek from the Severn River. Northwest wind forcing pushes water out of the Severn 

River, with a potential dipropionate response within some of the tributaries and creeks.

Figure 3 (left). a) Severn River (hourly; NOAA Annapolis Tide Gauge) and

b) Spa Creek (10 minute; Campbell Scientific CS75A-L) water levels

observations (ft above MLLW). c) Interpolated Spa Creek minus Severn

River water level observations (hourly). Positive (red) indicates higher water

levels in Spa Creek. The NOAA Tide Gauge data accuracy (2.0 cm; grey

line), CS75A-L accuracy (2.0 mm; black line), and Aquatrak Model 3000

sensor accuracy (1.0 mm; black dashed line) plotted. Data within ± 2.0 mm

(0.08 inches) is considered an insignificant difference (faded white).

Severn River Water Level Data

Quality controlled hourly water level ob(#857552; NOAA, 2022) 

located along the lower Severn River (Fig. 1), a tidal tributary of 

the Chesapeake Bay. The NOAA reported water level data 

accuracy relative to a datum is 2 cm (NOAA, 2022), however the 

actual sensor deployed servations between June 01, 2021 and 

January 31, 2022 were downloaded from the National Oceanic and 

Atmospheric Administration (NOAA) Annapolis Tide Gauge at the 

NOAA Annapolis Tide Gauge station is the Aquatrak Model 3000, 

which has an accuracy of 1 mm (Aquatrak, 2022) and will be used 

to assess actual water level differences in this study.

Figure 1. Map of the study area

showing the Severn River, Spa Creek,

and the observation locations (red

with labels).

Figure 2. MIDN 1/C Averill, MIDN

1/C Duffy, and MIDN 1/C Hertelendy

deploying HOBO MX Water Level

Logger.

e.

Ego Alley Water Level Data

A Campbell Scientific CS451 Pressure Sensor HOBO MX Water Level Logger was deployed in Ego 

Alley (Fig. 2) on January 27, 2022. The sensor was secured to pilling at the Annapolis Harbormaster 

slip in City Dock. The sensor was surveyed by the City of Annapolis Public Works. Pressure data were 

converted to depth/water levels assuming hydrostatic balance with density derived from temperature 

and salinity data from the USNA Severn River Watershed Observatory (SRWO; Fig. 1). The data were 

collected every 10 minutes with an accuracy ranging 0.5 cm to 1.0 cm (HOBO, 2022). 

Sensor was deployed on the Spa Creek Bridge in Annapolis (Fig. 1). Water level measurements at this 

location were made every 10 minutes with an accuracy of 2 mm (Campbell, 2022). The sensor was 

surveyed and georeferenced by City of Annapolis Public Works.

Case Study: Lower Spa Creek Water Levels

Figure 4 (right). a) Wind rose for KNAK

ASOS meteorological observations (wind

spend and direction) between Jun 1, 2021

and Jan 31, 2022. Wind rose for KNAK

wind observation when interpolated Spa

Creek (hourly) water levels are b) 2.0 mm

less and c) 2.0 mm greater than coincident

water levels in the Severn River.

Case Study: Higher Spa Creek Water Levels

Ego Alley and Spa Creek Water Levels Conclusions

Figure 5. a) Same as Fig. 3c but for October 18 – 23, 2021. Horizontal lines denote case study

period (October 18, 2021 at 0600 – October 21, 2021 at 0000 UTC). b) Same as Fig. 4 but for the

case study period.

Figure 6. a) Same as Fig. 3c but for June 24– 29, 2021. Horizontal lines denote case study period

(June 26, 2021 at 0300 – June 27, 2021 at 0800 UTC). b) Same as Fig. 4 but for the case study

period.

Case studies of twenty-four to forty-eight hours were selected to better understand the analyze the relationship between wind direction and positive/negative water levels

difference in Spa Creek. Fig. 5a shows a forty-eight hour duration with lower water levels in Spa Creek. Following the interoperation above, Fig. 5b shows that wind forcing

was predominately out of the northwest during this period of time. Fig. 6a shows a thirty-six hour duration with higher water levels in Spa Creek. Following the interoperation

above, Fig. 6b shows that wind forcing was predominately out of the south and southeast during this period of time. In both case studies, maximum water level differences

exceeded 0.75 inches. The average positive (negative) water levels difference over the full study period was 0.23 inches (-0.25 inches), which is beyond the instrument error.
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Figure 7. Interpolated Ego Alley

minus Spa Creek River water

level observations. Negative

(blue) indicates lower water

levels in Ego Alley. The Spa

Creek CS75A-L accuracy (2.0

mm; black line) plotted. Data

within ± 2.0 mm (0.08 inches) is

considered an insignificant

difference (faded white).

The data shows that water levels in Ego Alley are consistently lower than Spa Creek

(Fig. 7), with an average difference of -0.31 inches and a maximum difference of

-1.1 inches. Ego Alley is a small harbor on Spa Creek bridge (Fig. 1), therefore, the

observed negative bias is likely not physical, and could result in surveying,

deployment, or analysis assumption issues. The issues would need to be resolve in

the future before reaching a more definitive result.
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