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CHAPTER 1      INTRODUCTION 

Since the continuing water quality degradation in Niagara River region in last 

century, Niagara River was designated as an Area of Concern (AOC) by International 

Joint Commission (IJC) in 1987. A Remedial Action Plan (RAP) was launched for 

Niagara River in 1994 for the sake of addressing the Beneficial Use Impairment 

(BUI) targets in AOC, through prioritized projects. In Niagara River AOC, there are 

seven beneficial uses which are considered to be impaired: (1) Restrictions on Fish 

and Wildlife Consumption, (2) Degradation of Fish and Wildlife Populations, (3) Fish 

Tumors or Other Deformities, (4) Bird or Animal Deformities or Reproductive 

Problems, (5) Degradation of Benthos, (6) Restrictions on Dredging Activities, and 

(7) Loss of Fish and Wildlife Habitat. Which is the most impaired? How were these 

BUIs changed in terms of wildlife habitat since last century? Without answers to 

these questions, the project-specific actions may not be able to executed wisely and 

efficiently for addressing the potential problem. Each of the above BUI target has its 

corresponding delisting criteria for making decision on whether ‘project-oriented’ 

action is needed or not for the further quality improving. In this project, the ‘loss of 

fish and wildlife habitat’ was under investigation. According to RAP Stage 2 

Addendum for Niagara River AOC (2012), one of the delisting criteria for the BUI 

‘Loss of Fish and Wildlife Habitat’ is  ‘Coastal wetlands are created or restored to 

achieve a net increase in area equal to a minimum of ten percent of the wetland area 

lost since 1927’. This project aims to determine if the area of woods in islands in 

Niagara River such as Motor Island, Beaver Island, Tonawanda Island and Cayuga 

Island satisfies the above delisting criterion or not, by comparing the area of each 

island in 1927 to now (in this project, now means the year 2011).  

     Also, a temporal analysis of the acreage of island habitats is conducted for 

revealing the historical habitat change each island, based on the historical 

information in 1927, 1951, 1978, 1994, 2005 and 2011. The results of this project 

will be used by the non-government organization BUFFALO NIAGARA 

RIVERKEEPER® to determine which island/islands is/are in need of immediate 



 2 

remediation.  

     In addition, a geodatabase ‘Islands in Upper Niagara River.mdb’, including the 

digitalized historical aerial images of islands in Niagara River will be created for the 

further study in the future.  

     In this project, wetland is defined as the woods or shrubs in islands in Niagara 

River. 
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CHAPTER 2      STATEMENT OF OBJECTIVES 

For this project, there are three objectives: (1) to offer clear comparisons of area of 

coastal wetlands (Motor Island, Beaver Island, Tonawanda Island and Cayuga Island) 

in upper Niagara River between 1927 and 2011,  (2) to conduct temporal analyses 

of historical coastal wetland for the islands of interest since 1927, and (3) to create a 

geodatabase ‘Islands in Upper Niagara River.mdb’ including digitalized historical 

orthophotos, and shape files for the islands of interest and corresponding wetlands. 

  



 4 

CHAPTER 3      METHODS 

3.1 Data Input 

This is a data-driven project. In this section, the methods of geoprocessing of raw 

data through ArcGIS are introduced. There are two types of data sources: vector 

data and raster data. Vector data refer to the shorelines of upper Niagara River, 

provided by BUFFALO NIAGARA RIVERKEPPER. Raster data refers to the historical 

orthophotos in different formats: ‘*.jpg’ or ‘*.tiff’. As for the vector data, the base 

shoreline map of Niagara River in polyline format was converted into polygon 

format by using the “Feature to Polygon” tool in ArcToolbox, then the islands in the 

Niagara River are polygon shapes with ID. Then add the tabular data in “*.dfb” 

format on the polygon format of the base map by adding (X, Y) data. As for the raster 

data, there are two different ways to deal with two types of raster data. The 

historical orthophotos in 1927, 1951, 1978 are in ‘*.jpg’ format, which is not 

recognizable for ArcGIS. The first step is to tile the fragmental orthophotos together; 

and then to georeference the complete orthophotos into ArcGIS. The orthophotos in 

1994, 2005 and 2011 from New York State Clearinghouse are adjacent to each other. 

All these orthophotos can be tiled together into a single raster file by “Mosaic to 

New Raster” directly, and then all the tiled single raster files in 1994, 2005 and 2011 

should be re-projected for aligning the spatial reference properties with the base 

map. In this project, the coordinate system is 

‘NAD_1983_StatePlane_New_York_West_FIPS_3103_Feet’.   

     There are uncertain factors involved in the process of tiling historical pictures 

together. First, for these photos, there is no grid network available as guidance. The 

gathered historical aerial photos from Erie County government or UB map library is 

fragmental. Some of them overlapped to some extent. Therefore, it is impossible to 

tile the pictures together seamlessly manually. Second, there is no benchmark 

between the historical orthophotos and the current base map. This may induce 

precision problem in the process of georeferencing as well. 
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3.2 Data Creation 

After importing all of the raster files into the geodatabase ‘Islands in Upper Niagara 

River.mdb’, the following step is to create shape files of islands of interest and 

wetlands in each island based on the historical orthophotos in 1927, 1951, 1978, 

1994, 2005 and 2011. The historical images in 1927, 1951 and 1978 are grayscale 

and the data quality is ‘poor’. The orthophoto quality in 1994, 2005 and 2011 is 

relatively better.  Based on the poor historical images, only woods or shrubs can be 

identified by manual check. Thus, wetland, in this project, is defined as woods or 

shrubs in islands in Niagara River, for the sake of data consistency. 

3.3 Data Analysis 

Based on the created shape files and raster files of wetlands in islands of interest, 

the wetland area in each island between 1927 and 2011 are compared directly. In 

addition, temporal analysis of wetland habitat in terms of area for each island was 

conducted by presenting the wetland area in a temporal order. 
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CHAPTER 4      RESULTS AND DISCUSSION 

4.1 Acreage Comparison of Wetland between 1927 and 2011 

Figures 4.1~4.2 show the acreage of wetland of Motor Island, Beaver Island, Cayuga 

Island and Tonawanda Island. Also, the non-wetland area is presented. As for the 

motor Island, the area of woods and shrubs in 2011 had decreased by 56.44% 

compared to 1927. Thus, according to the delisting criterion ‘Coastal wetlands are 

created or restored to achieve a net increase in area equal to a minimum of ten 

percent of the wetland area lost since 1927’, this island cannot be delisted from the 

BUI target list. A specific project should be launched for the further restoration. 

However, the incomplete ‘concept’ used in this project because of the inconsistency 

of data quality may tell a different story from the true one.  The grasslands were not 

considered to be wetland. The area around woods or shrubs may be grasslands, 

which cannot be identified in grayscale historical images. There were no people 

living in this island since 1927. If the area except for woods and shrubs were 

assumed to be all covered by grass both in 1927 and 2011, the whole Motor Island 

can be considered to be a wetland. Also, Figure 4.1 shows that the total land 

coverage shrinked as well. The leading edge of Motor Island (the edges on the 

upstream of the Niagara River) has been scoured gradually. The total area decreased 

from 6.96 acres in 1927 to 6.01 acres in 2011. If the whole Motor Island is wetland, 

the wetland area had decreased by 13.65% in 2011 compared to 1927, due to 

scouring. This result also leads to the conclusion that the wetland condition of Motor 

Island doesn’t satisfy the delisting criteria.  

     As for the Beaver Island, the area of wetlands increased by 12.48% in 2011 

compared to in 1927, which satisfies the delisting criterion of BUI targets. However, 

same as above, the incomplete wetland concept may lead to a different result. Also, 

the total area of Beaver Island decreased from 42.61 acres in 1927 to 35.68 acres in 

2011. Assuming the unpeopled Beaver Island was completely covered by woods, 

shrubs and grasslands in 1927 and 2011, the total wetland area decreased by 16.26% 

due to the loss of land coverage in the past. Thus, the Beaver Island cannot be 
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delisted from the list as well. Therefore, the potential error in the analysis due to the 

unfavorable data quality played a significant role in the Beaver Island case.  

     As for the Cayuga Island, the ‘wetland’ area decreased by 78.92% in 2011 

compared to 1927, which can make the Cayuga Island stay in the BUI target list for 

future remedial action. In this map, only woods and shrubs are considered to be 

wetland as above. In 1927, Cayuga Island was an unpeopled region. In 2011, the 

Cayuga Island was a residential region characterized by complete greening with 

grasslands, woods and shrubs. Assuming all the unidentified areas were covered by 

grass in 1927 and 2011 (which is impossible, because of the presence of houses), 

the total land coverage had decreased by 14.97%, from 187.22 acres to 159.20 acres. 

This result cannot satisfy the delisting area as well. Thus, for Cayuga Island, the 

incomplete concept of wetland doesn’t play an insignificant role. As for Tonawanda 

Island, the area of woods and shrubs decreased by 60.35% in 2011 compared to 

1927. In terms of the whole land coverage, the area of Tonawanda Island decreased 

by 3.78% from 92.92 acres to 89.41 acres. Whether taking the grassland into 

account or not, there is no wetlands increase from 1927 to 2011.  

     All of the islands of interests in this project decreased in terms of overall area, 

from 3.78% to 16.26%. There may be error in consistent phenomenon caused by 

georeferencing. The 1st order georeferncing was chosen in this study. The error 

should be within 3.78%, because the part of the Tonawanda Island was indeed 

scoured with time, which can be identified qualitatively obviously, which can justify 

the decrease of land coverage of Tonawanda Island. Since the decrease of 

Tonawanda Island area is 3.78%, the error in calculating the decrease of land 

coverage for other islands should be lower than this value.  
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Figure 4.1 Acreage Comparison of Wetland between 1927 and 2011 for Motor 
Island and Beaver Island. 
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Figure 4.2 Acreage Comparison of Wetland between 1927 and 2011 for Cayuga 
Island and Tonawanda Island. 
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4.2 Temporal Analysis of Wetland in Islands in Upper Niagara River 

Figures 4.3~4.6 show the temporal change of wetland (woods and shrubs) in Motor 

Island, Beaver Island, Cayuga Island and Tonawanda Island since 1927 to 2011 

based on the available information. As for the Motor Island, the wetland area varied 

from 0.15 acres to 3.67 acres. This can be explained by the inconsistency of date 

when the historical photos were captured. The calendar date of historical 

orthophotos in 1927, 1951 and 1994 are unknown. The calendar date of images in 

1978 was October, and the date of images in both 2005 and 2011 was April. As for 

Western New York region, the growth of vegetation can vary to a great extent from 

summer to winter. In addition, the weather condition of the year when aerial photos 

were taken can vary due to the global climate change in the last century. As for the 

Beaver Island, the wetland area decreased from 1927 to 1978, because of the park 

road construction in Beaver Island. From 1994 to 2011, the wetland area increased 

from 12 acres to 14.8 acres. As for the Cayuga Island, area of wetland decreased 

with time since 1927. In 1927, this island was unpeopled. In 1978, houses were 

constructed all over the island already. Since 1978, the human activity had negative 

influence on the wetland coverage in this island. As for the Tonawanda Island, only 

the historical images in 1927, 1994, 2005 and 2011 were available. Compared to 

1927, more area of Tonawanda Island was taken by buildings in 1994, 2005 and 

2011, which indicates that the human activity has continuous negative influence on 

the wetland acreage. 

     In the temporal analysis, only the woods and shrubs were taken into 

consideration same as previous section. If all historical aerial photos were 4-band 

images taken in the same season, a uniform standard can be used to conduct the 

time analysis. A more reasonable result can be achieved.  
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Figure 4.3 Temporal Change of Wetland In Motor Since 1927 
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Figure 4.4 Temporal Change of Wetland in Beaver Island since 1927 
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Figure 4.5 Temporal Change of Wetland in Cayuga Island since 1927 
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Figure 4.6 Temporal Change of Wetland in Tonawanda Island since 1927 
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CHAPTER 5      CONCLUSIONS 

This project aims to compare the change of island habitat acreage of Motor Island, 

Beaver Island, Cayuga Island, and Tonawanda Island between 1927 and 2011; and 

to conduct a temporal analysis of habitat acreage since 1927 for the sake of 

revealing the potential factors that can exert influence on the natural island habitat. 

After analysis, the conclusions are: 

(1) Compared to the island habitat in 1927, the four islands: Motor Island, 

Beaver Island, Cayuga Island and Tonawanda Island had lost wetland area 

and land coverage. Thus, they should not be delisted from the BUI list. 

(2) Temporal analysis for the four islands indicates that, the human activity has 

strong negative influence on the conservation of island wetland habitat. 
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CHAPTER 6      LIMITATIONS AND FUTURE WORK 

The historical aerial photos are of low quality in terms of the band information, and 

resolution. Because of this limitation, an incomplete definition for coastal wetland 

was employed in this project. 

     As for the temporal analysis, the sample size in this project is too small to reveal 

comprehensive information over the change of island habitat in the upper Niagara 

River. There are 85 years gap between 1927 and 2011; however, only information 

among 6 years (1927, 1951, 1978, 1994, 2005 and 2011) were available for Motor 

Island and Beaver Island, 5 years (1927, 1951, 1994, 2005 and 2011) for Cayuga 

Island and 4 years (1927, 1994, 2005 and 2011)  for Tonawanda Island. In the 

future, a temporal analysis based on more information with small time interval is 

expected. 

     For achieving more precise analysis and solider conclusion, the orthophotos of 

higher quality and of 4 bands are needed. Based on 4-band images, there is another 

way to create new files for wetlands in each island: NDVI (Normalized Difference 

Vegetation Index). A NDVI is generated by taking advantage of the contrast 

characteristics of 4-band raster data file. The formula is given by 

     
    

    
 

(6.1) 

in which IR represents the pixel values of infrared band, and R indicates the pixel 

values of red band. This index is used to display the greenness of an area of interest. 

The chlorophyll pigment in vegetation leafs can absorb most amount of the red 

spectrum in the visible light and reflect most of infrared band. Thus, low NDVI 

indicates the low chlorophyll pigment concentration and high NDVI suggest the 

relatively higher vegetation vigor. Generally, moderate values 0.20~0.30 indicate 

the shrubs and grasslands, low values 0.10 or below indicate barren area such 

concrete, rocks, roads and bare soils. However, since the concentration of 

chlorophyll pigments in leafs changes with seasons (Figure 6.1), the orthophotos 

used for NDVI calculation should be captured in the same season.  
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Figure 6.1 NDVI Calculation for trees in different seasons or healthy conditions.  
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Introduction 

 

The New York Power Authority (NYPA) operates two hydropower facilities. Together they are 

called the Niagara Power Project (NPP). They are composed of the Robert Moses Niagara Power 

Plant and the Lewiston Pump-Generating Plant. They utilize water that flows from the Niagara 

River and the natural topography of the area to generate electricity. In 2007 NYPA had applied 

for relicensing and to do so, it had to look at how the NPP affects the surrounding community 

and ecosystem. This included taking a look at how water taken from the Niagara River will 

affect the Lower Niagara River’s ecosystem. A general reference map and bird’s eye view of the 

NPP can be seen in Figure 1 & 2 respectively.  

 

The NPP lies approximately four and a half miles downstream of Niagara Falls. It collects its 

water from inlets that are just North East of Grand Island. The water is then piped to a forebay 

which holds about 1.8 billion gallons of water. The forebay holds this water which is either 

utilized to turn the thirteen turbines in the Robert Moses Niagara Power Plant or it is pumped 

into the manmade Lewiston Reservoir where it is stored until it is needed during peak energy 

demands (During weekdays). When water is pumped from the forebay to the Lewiston Reservoir 

this creates “drawdowns”. Drawdowns are when the water level in the Lower Niagara River is 

decreased due to the operations of the NPP. They are the effect of taking water out of the 

Niagara River and pumping it into the Lewiston Reservoir for later use. During peak hours of 

operation, the hydropower plants use this stored water for additional flow and head on the 

turbines. The additional flow and head results in the production of additional electricity. It also 

however, creates fluctuations in the water level of the Lower Niagara River and changes the flow 

in the upper Niagara River. For this study, only the effects of the fluctuations in the Lower 

Niagara River will be studied. The Lower Niagara River for this report is classified as the portion 

of the river that starts at the Robert Moses Tailrace and ends at the connection into Lake Ontario. 

Figures 3 represent this portion of the river. 

  

ArcGIS 10.1 will be utilized to aggregate data and create maps which will be used to help 

analyze how the NPP will affect the habitat of the Lower Niagara River via the fluctuations in 

water level. In order to achieve this, studies that have been conducted to evaluate the effect that 



the water level fluctuations have on the habitat of the Niagara River will be utilized as a data 

source, as well as other agencies that have compiled data that can be utilized in ArcGIS. The 

specific reports that will be used have been created for NYPA during its relicensing process that 

occurred in 2007. They are the “Niagara River Water Level and Flow Fluctuation Study” and the 

“Effect of Water Level and Flow Fluctuation on Aquatic and Terrestrial Habitat”. They were 

copyrighted in 2005 and 2004 respectively.  

 

The data collected from the reports will be processed and used in ArcGIS to create visual 

representations of the data in a form that is easy to understand and interpret. This is in 

collaboration with the Buffalo-Niagara Riverkeeper and is an effort to help them make easy 

decisions on how NYPA water level fluctuations may affect species of interest. Hopefully, the 

visual representations of the data help the intended parties to make analyses and decisions in an 

informed manner. Therefore, this is largely a data driven project with analysis based on graphs 

created in ArcGIS 10.1.   

 

Statement of Objective 

 

The objective of this project is to determine how the fluctuations in the Lower Niagara River, 

due to the operations of the NPP, affect the ecosystem. The project will focus on natural 

disturbances in the water level of the Lower Niagara River in conjunction with the fluctuations to 

get a larger picture of the issue and put the fluctuation levels into perspective. The fluctuations 

will then be compared with the way that certain species use the Lower Niagara River to 

determine if these focus species’ viability will be affected. Arc GIS will mainly be used to 

display the data aggregated for a later analysis.  

 

 

Methods 

 

In order to determine how the NPP’s water fluctuations will affect the habitat of the Lower 

Niagara River, an understanding of how various natural phenomena affect the water level and 

flow in the river must also be analyzed. Other influences include wind, ice, and the hydrology of 



Lake Erie and Lake Ontario drainage basins. Therefore an analysis and presentation of some of 

these factors will also be shown using ArcGIS 10.1. Analyzing these factors will help determine 

the severity of the fluctuations on the ecosystem and help us understand how the ecosystem 

functions. These factors have been analyzed in “Niagara River Water Level and Flow 

Fluctuation Study” and the relevant influences will be aggregated into a geospatial database and 

then visualized using tools provided by ArcGIS 10.1.  

 

Factors that have not been determined to be of high importance include seasonal fluctuations in 

water levels and long term trends in precipitation. These were not considered pertinent because 

they would not affect the viability of the species in concern in the same way that the short term 

fluctuations from the NPP would. Ice during the months of November to April can affect the 

water levels in the Lower Niagara River also. However, this study did not take into account the 

effects of ice on water levels because it is during a time of the year which does not have a large 

effect on the viability of the focus species.  

 

The Topography of the Lower Niagara River determines much of the ecosystem in the Lower 

Niagara River reach. It is the factor that controls the amount of wetlands in the area. Unlike the 

upper portion of the Niagara River, the Lower River reach has steep slopes to the river edge 

which has prevented wetlands from developing. Figure 6 can show the surface topography 

around the Lower Niagara River. 

 

Buffers were utilized to show the reach of the Niagara River that was of interest in the 

investigation. In order to create the buffer to represent the portion of the Lower Niagara River 

that we are interested in, a new shapefile was created in Arc Toolbox with a polyline as its 

feature type. This new shapefile was assigned to the appropriate projection and was edited in 

ArcMap to create a polyline that represented the Lower Niagara River’s Centerline. This new 

projected polyline could then be buffered via common geoprocessing. Figure 3 shows the portion 

of the Lower Niagara River that was buffered. 

 

Measurements of the water levels in the Lower Niagara River have been taken using four 

temporary gauges installed in positions between the Robert Moses Tailrace and Lake Ontario. 



The locations of these gauges can be seen in Figure 4. They were operational for two periods, 

October 29
th

 to November 16
th

, 2001 and mid-June to mid-November 2002. In order to use the 

data collected by these gauges in Arc GIS, the water level data was entered into a spread sheet 

and transformed into a database. A new shapefile whose feature type was points was created. 

New points were edited in ArcMap where the respective gauges were placed in the Lower 

Niagara River. The points represented the gauges and were now spatially referenced. The 

databases were then joined with their respective gauges. The newly joined gauge attributes were 

then able to be used for operations.  

 

The data collected by these gauges have been used to determine the average fluctuations due to 

the NPP. An interpolation has been made utilizing Arc Toolboxes’ Kriging tool and the resulting 

visualization can be seen in Figure 5. The reason for the attenuation as the water moves from the 

Robert Moses Tailrace to Lake Ontario is due to the backflow effects from Lake Ontario as well 

as physical hydrologic characteristics. 

 

Backflow from Lake Ontario has a large effect on the water level in the Lower Niagara River. 

Therefore, data collected from the National Oceanic and Atmospheric Administration (NOAA) 

was used to determine water levels in Lake Ontario during May to June 2013. Special concern 

was given to the wind speeds across Lake Ontario. The lake water levels were correlated with 

wind speeds and directions across Lake Ontario to determine their effects on the water levels in 

the Lower Niagara River. May 27
th

 was used as a representative sample of typical conditions of 

how wind affects the water levels on Lake Ontario. With a Western wind at 18 mile per hour, the 

water levels from three gauges were used to determine the lake levels at different points in the 

lake and the interpolation was based on these levels. The gauges and locations are shown in 

Figure 7 along with the water level interpolation. 

 

In order to create the interpolation of the water levels in Lake Ontario, data from the NOAA had 

to be aggregated and collected into databases. Then, spatially referenced point data was created 

to represent water gauges in Lake Ontario. Then, bringing the data bases into ArcGIS and using 

joins to spatially reference the data with the newly created gauges, operations were able to be 

carried out to present the data effectively. This included first merging the separate joined gauges 



into a single shapefile. Then, interpolations of the water levels were created using an inverse 

distance weighting function. The raster that was created had to be clipped using the raster clip to 

extend only to the shape of Lake Ontario. Finally, a raster was produced which could represent 

the water levels in Lake Ontario on May 27
th

. 

 

Wind can also directly affect the water levels in the Lower Niagara River by creating waves due 

to friction on the water’s surface. Wave effects have been evaluated on the Lower Niagara River 

in the “Niagara River Water Level and Flow Fluctuation Study”. Wave locations and heights 

have been visualized using ArcGIS and shown in Figure 8. A theoretical analysis to determine 

the wave heights was used and in the report with an associated wind of 60 mph from a westerly 

direction. In order to produce the interpolation shown, “dummy gauges” were created to 

represent the locations that were described in “Niagara River Water Level and Flow Fluctuation 

Study”. A database was joined with these dummy gauges that contained the wave heights 

predicted by the report. An interpolation could then be created using an inverse distance 

weighting interpolation in Arc Toolbox. Like the other interpolations, the raster created for the 

interpolation was clipped to the shape of the Lower Niagara River using a hydrography shapefile 

obtained from the United States Geological Survey (USGS). 

 

There were four transects of the Lower Niagara River during the “Effect of Water Level and 

Flow Fluctuation on Aquatic and Terrestrial Habitat” study. Two of these were utilized to create 

an interpolation of the elevations of the river bed. In addition, the bottom substrate was mapped 

based on these transects. This information helped represent the habitat of the Lower Niagara 

River and can be used to determine the location where species of focus may exist.  

 

In order to create the interpolation to represent the transects, since no bathymetric data was able 

to be obtained, a new shapefile with point features was created. Points were then placed to mimic 

the transects and elevation data that was extrapolated from the actual transects was given as 

attribute data to the respective points. Once there were enough points to accurately characterize 

the elevations of the river bottom, an interpolation was made using a Natural Neighbor 

interpolation. This interpolation gave the most accurate results. Since symbology was wanted to 

represent substrate as well, a raster attribute table was necessary. Before a raster attribute table 



could be created, the raster needed to be truncated to contain only integers. This was facilitated 

by using the Raster Calculator. Then using the Build Raster Attribute Table in Arc Toolbox, the 

attribute table was created. This was joined with a database that used elevation as the foreign key 

and primary key in the respective tables and substrate data as the additional attributes. Finally, 

symbology was able to be represented to show the substrate in the Lower Niagara River. Figure 

9 shows the results of these operations. 

 

Discussion 

 

As shown in Figure 5 and according to “Niagara River Water Level and Flow Fluctuation 

Study”, the average fluctuations due to the NPP operations in the Lower Niagara River range 

from 1.5 to .6 feet and according to “Niagara River Water Study and Flow Fluctuation Study” 

the fluctuations can be as high as 2.5 feet. According to Figure 7, fluctuations from wind on Lake 

Ontario can change the water level near the Lower Niagara River by approximately four tenths 

of a foot. Figure 8 shows that the fluctuations due to the waves created by wind in the Lower 

Niagara River can range from 4.6 feet to 5.1 feet for a 60 mph westerly wind. If this was 

assumed to be a linear trend then for a more common 30 mph wind, the fluctuation would be 2.3 

to 2.55 feet. Figure 6 shows that the topography of the region does not allow wetlands. The 

views in Figure 9 show the bottom bathymetry and substrate in the Lower Niagara River near 

Youngstown.  

 

According to the study “Effect of Water Level and Flow Fluctuations on Aquatic and Terrestrial 

Habitat” fish species of focus that may be affected by a drawdown of 2.5 feet include Lake 

Sturgeon, Chinook Salmon, and Yellow Perch. However, since suitable habitat for their needs 

exists in other parts of the water column in the Lower Niagara River, the fluctuations are deemed 

not harmful. More specifically for sturgeon and salmon who use this area for spawning there is 

suitable substrate at greater depths (both spawn over rocky areas at depths of 2-39 feet for 

sturgeon and depths of 2-20 feet for salmon) as can be seen in Figure 9. Perch also have suitable 

substrate (mud, silt, or sub aquatic vegetation) and breed to a depth of nine feet. A table that 

summarized potentially affected fish species and their habitat preferences can be shown in Table 

1 in the Appendix. 



 

 

Sub Aquatic Vegetation (SAV) starts at a depth of three feet. This is most likely due to the rocky 

substrate at shallow depths and also due to erosion and uplift from ice during the winter months. 

Therefore the fluctuations should not affect the SAV. 

 

Macroinvertibrates such as nymphs of Hexigenial Mayflies and giant floaters do not have 

enough suitable habitats in the Lower Niagara River to live there and so their habitat is not 

effected. However crayfish do live in the Lower Niagara River and in the fluctuation zones. 

Crayfish can spend short periods of time out of the water and have adaptive methods such as 

burrowing in mud that allow them to survive during fluctuations. Therefore the fluctuations have 

been deemed un-harmful to these species. 

 

From the reports it seemed that the fluctuations from the NPP were close to fluctuations that 

occur quite commonly from waves due to westerly winds. Comparing Figure 8 with Figure 5 it 

shows that the waves create larger fluctuations however this is from strong winds (60 mph) that 

do not commonly occur. If however, wave height to wind speed is a linear relation, then more 

common winds of 30 mph can cause wave heights that are greater than average fluctuation 

levels. 

Data Concerns 

A river system is a dynamic environment, as is weather, and many other environmental 

conditions. The studies in which the project was based on came mostly from two reports. One 

was conducted in 2005 and one was conducted in 2004. This means they are nearly ten years old 

and some of the information may now be out dated and no longer accurate.  

Additional bathymetric data could have provided a more accurate representation of the bottom of 

the river and could have provided for a larger area to be analyzed. This would have reduced 

assumptions that were applied to the river reaches where transects were not taken. There were 

only four transects taken for the length of the river under investigation. Only two of these 

transects were utilized in characterizing the bathymetry and substrate. 



Additional data could have been collected in regards to the wind analysis on Lake Ontario. The 

data consisted of a representative sample of only a few days. Therefore this could contain some 

inherent error and cause an inaccurate representation. 

Conclusion 

 

This project has been able to visually represent the fluctuations due to the NPP operations as well 

other factors that affect the water levels in the Lower Niagara River. Hopefully being able to see 

the data visually allows for easy comparisons and easier decisions. From this data collection it 

seems that the main factors that effect short term water level changes in the Lower Niagara River 

during spawning months (May-July) are the NPP fluctuations, and wind. They do not seem to 

have a large effect on the species of focus because there are more opportunities for the focus 

species to spawn on the substrate they prefer at depths that are satisfactory. 

Further analysis could include the increased flow from Lake Erie during high winds, the effect of 

flow changes on years in which higher or lower than flow than average occurs, and a further 

investigation of the influence of the fluctuations of the portion of the Lower Niagara River 

between the Robert Moses Power Plant and Niagara Falls.  

  



 

 

 

 

 

 

Appendix: Figures, Graphs, & Tables 

 

 

  



 

Figure 1: General Reference Map 



 

Figure 2: Niagara Power Plant Bird's Eye View 



 

Figure 3: Lower Niagara River 



 

Figure 4: Stream Gauges in Lower Niagara River 



 

Figure 5: Average Fluctuations Due to the NPP 



 

Figure 6: Selected Topography in Lower Niagara River 

 



 

Figure 7: Water Levels Lake Ontario, May 27
th

 

  



 

Figure 8: Wave Heights in Lower Niagara River Due to 60 mph wind 



 

Figure 9: Lower Niagara River Transects Near Youngstown 

 

  



 

Table 1: Fish Habitat Preferences 

 

Table 2: Fish Habitat Preferences Continued 



References: 

Stantec Consulting Services, Inc. “Effect of Water Level and Flow Fluctuations on Aquatic and 

Terrestrial Habitat”, URS Corporation, New York Power Authority, February 2004 

URS Corporation, Gomez and Sullivan Engineers, P.C., E/PRO Engineering & Environmental 

Consulting, LLC, “Niagara River Water Level and Flow Fluctuation Study Final Report”, 

Niagara Power Project, New York Power Authority, August 2005 

Additional Data Collected from: 

National Oceanic and Atmospheric Administration 

United States Geological Survey 

United States Census Bureau 

New York State GIS Clearing House 



Standard Operating Procedure 

Characterization of island habitat change in the Niagara River 

 

BY:       Spencer Podsiadlo 

DATE:  January 7, 2015 

 

Problem: Find change in land area of several Niagara River islands. 

Datasets: 

 Erie County Public Works - Division of Highways  Aerial Photographs 

http://www2.erie.gov/aerial_photos/ 

 University at Buffalo Libraries – Aerial Photographs of WNY & Buffalo 

http://library.buffalo.edu/maps/buffalo-wnymaps/type/aerial.html 

 NYS GIS Clearinghouse                                                          

http://www.orthos.dhses.ny.gov/ 

 

Procedure: 

1. Locate current satellite images and historical images for each island. 

2. Is some cases images of the islands were in several frames not one.  If needed the 

images were loaded into in ERDAS Imagine and pieced together using Mosaic Express. 

3. Load one historic and one current image of the same island into ERDAS Imagine and use 

the Control Point tool to rectify the images.  Repeat for each island at each time interval.  

The coordinate system of the current image is applied to the historical image in this 

process. 

4. In Arc Catalog create a database to house all of the polygon layers that will be used for 

digitizing. 

5. Load a historical or current image into ArcGIS along with its associated polygon file and 

digitize the image.  Repeat as needed for each image. 

6. Check the attribute table of each polygon layer after digitizing, record the land area data 

into an Excel file. 

Problems and Limitations: 

 Originally images from 1989 were to be used.  Availability problems forced 1978 images 

to be used instead.  In addition historical images of Rattlesnake island could not be 

found. 

http://www2.erie.gov/aerial_photos/
http://library.buffalo.edu/maps/buffalo-wnymaps/type/aerial.html
http://www.orthos.dhses.ny.gov/


 Every attempt was made during the rectification and digitizing processes to ensure 

measurements were made as accurately as possible.  That being said some of the 

historical images became highly pixelated when zoomed in on, all historical images were 

in black and white and when comparing some 1927 images to 2011 images and 

landscapes were very different.  The combination of these three things meant that 

rectifying and digitizing became difficult in some cases because details of the images 

were hard to distinguish. 

 In one case (Grass/Sunken Island) 2011 images could not be downloaded for 

rectification due to problems on the NYS GIS website.  Images from 2008 were used 

instead.  The 2008 images use the same coordinate system that the 2011 images use. 

 For Three Sisters Island in 2011 it looked as though there were actually four islands.  The 

southern island looked as if it were actually two islands instead of one.  In contrast in 

1978 and 1927 that southernmost island looked like one island not two.  This could 

again be a problem with the pixilation of the older images. 

 Due to the way that the 1927 Squaw Island images were formatted they could not be 

combined using Mosaic Express.  The North and South portions of Squaw Island were 

digitized separately and then their land areas were added together for the total area of 

the island. 

Island Name Year Area (ft) Location Description 

Buckhorn 2011 8884250.6 Northwest Grand Island 

Buckhorn 1978 9847868.4 Northwest Grand Island 

Buckhorn 1927 10585105.0 Northwest Grand Island 

Goat 1978 3839818.4 South of the Town of Niagara Falls 

Goat 1927 3260348.3 South of the Town of Niagara Falls 

Grass/Sunken 1978 160518.7 North of Grand Island 

Luna 2011 19235.5 North of Goat Island 

Luna 1978 20514.6 North of Goat Island 

Luna 1927 19350.4 North of Goat Island 

Squaw 1978 7589795.6 West of Downtown Buffalo 

Squaw 1927 3975644.2 West of Downtown Buffalo 

Three Sisters North 2011 42151.6 Northernmost of the three 

Three Sisters Middle 2011 92363.0 Middle island 

Three Sisters South1 2011 18226.5 Southernmost of the three 

Three Sisters South2 2011 9646.2 Southernmost of the three 

Three Sisters North 1978 36695.7 Northernmost of the three 

Three Sisters Middle 1978 112850.6 Middle island 

Three Sisters South 1978 64558.3 Southernmost of the three 

Three Sisters North 1927 45552.6 Northernmost of the three 

Three Sisters Middle 1927 61868.5 Middle island 

Three Sisters South 1927 30526.7 Southernmost of the three 
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