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Introduction	
Every year streams receive different amounts of precipitation that eventually contribute to streamflow. 

The Provo River is no exception, as the streamflow in the river can vary significantly depending on the 

amount of precipitation that falls. The Provo River originates in Summit County, Utah and eventually 

flows into Utah Lake. However, this river is unique in that it passes through two reservoirs before it 

reaches Utah Lake. The focus of this project was the Upper Provo River watershed which is the area 

upstream of Deer Creek Reservoir. The purpose of this project is to determine the variability of the runoff 

ratio within the Upper Provo River watershed. This variability will in turn show the difficulties with 

predicting yearly runoff ratios, yet the general trend in this watershed. 

 

Methods	to	Determine	Runoff	Ratios	
The first step was to determine what data was available to complete the analysis. The topography, 

streamflow, precipitation, and Jordanelle reservoir data were the data types needed. The first source that 

was used to locate data was the US Geological Survey (USGS), which includes stream gage information 

for streams around the United States. Along the Provo River, four gages were found upstream of Deer 

Creek Reservoir. All four gages started reading data at different years with the Hailstone gage starting in 

1949, Woodland (1960), Charlestown (1991), and River Road (2001). The monthly average streamflow 

for each available year was downloaded and used in subsequent calculations. The exact locations of these 

gages were found from the USGS, which publishes the latitude and longitude coordinates. The 

coordinates provided were from the datum, North American 1927 (NAD27).  Thus, the shapefiles of each 

stream gage point was projected to a Transverse Mercator Projection that was appropriate for the Provo 

watershed (NAD_1983_UTM_Zone_12N). The following map (Figure 1), created in ArcMap 10.1, 

shows the location of these stream gages. 
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Figure 1: Location of four streamgages used in the analysis. 

 

Once it was determined that these stream gages contained sufficient streamflow data, the topography of 

the watershed was then found. A 30m digital elevation map (DEM) from the United States National 

Elevation Map website was located (USGS, 2012b). This DEM was downloaded as two files and the two 

files were then added to ArcMap where many tools were used to delineate the Upper Provo River 

watershed. The first tool was the Mosaic tool to combine the two DEM’s into one workable DEM. The 

Clip tool was then used to create a more appropriate size for the watershed delineation. The new DEM 

wasn’t projected properly, so the Project Raster tool was used to project this raster to the 

NAD_1983_UTM_Zone_12 projection. The cell size was also projected to 100 meters so that the 

calculation times of the future ArcMap tools would be minimal. Figure 2 shows the projected DEM: 
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Figure 2: Projected DEM with Streamgages 

 

Knowing that the cell size for subsequent calculations was 100 m X 100 m was very crucial for the 

interpretation of the results as will be shown in the results section. After the stream gage locations were 

found and the DEM properly projected; the watershed delineation could then be accomplished. 
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To delineate the watershed, tools from TauDEM were used. TauDEM is an abbreviation for Terrain 

Analysis Using Digital Elevation Models and was developed to analyze hydrologic features from a DEM 

(Utah State University Hydrology Research Group, 2010). The first tool used was called Pit Remove. This 

tool fills any areas of the DEM that may not drain to the river by filling them with an elevation to the 

lowest of their neighbors. This will allow the analysis to make the assumption that all cells will drain to a 

stream. Figure 3 shows the cells that were filled and the resulting DEM with the streamgages for 

reference.  

 

 

Figure 3: Cells that were filled with Pit Remove function and resulting DEM. 

 

As can be seen from the above figure, the elevations now range from 1281.18 meters to 3847.28 meters. 

Whereas, the original DEM ranged from 1279.78 m to 3847.28 m. With the pits filled, the next tool used 

was the D8 Flow Direction. 

 

The D8 Flow Direction shows the direction to its downslope neighbor. This tool creates directions 

ranging from 1 to 8. One represents east with the other numbers following in clockwise direction with 8 

representing a northeast direction. Figure 4 shows the flow direction for the area of study. 
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Figure 4: Flow Direction for the entire DEM. 

The D8 Flow Direction also produces a raster of the slope. This is shown in figure 5. 

 

Figure 5: Slope Direction obtained from the D8 Flow Direction tool. 
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After the flow directions and slope were calculated, the D8 Contributing Area tool was used to calculate 

the contributing area for the entire DEM. This tool calculated the number of grid cells draining from each 

cell. The contributing area result was then used by the tool Stream Definition by Threshold, which creates 

a stream raster based on a minimum number of cells draining into a cell. For this step in the analysis a 

threshold of 500 was used to locate the streams. Below in Figure 6 is the result zoomed in near the stream 

gages. 

 

 

Figure 6: Streams shown, based on a threshold of 500 grid cells draining to a stream. 

 

The above process was completed for the entire watershed, because the stream gages were slightly located 

off the streams. By moving the gages one or two cells, they were directly on the stream and the analysis 

could continue. 

 

The D8 Contributing Area tool within TauDEM allows for an outlet point to be specified. When an outlet 

point is specified, then only the area upstream of the point will be calculated. This was completed for each 
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of the four gages, with each resulting with a contributing area. Then, the stream definition by threshold 

tool was used for each gage. This time a threshold of 100 was used, meaning that a cell must have 100 

cells draining to it before a stream is created.  

 

After the above steps were successfully completed; the tool Stream Reach and Watershed was used to 

fully delineate the watershed above each gage (See Appendix A). Each stream and subwatershed was 

labeled with unique identifiers and the area of each watershed could now be computed by using the 

identify tool and clicking on the outlet points. This gave a number of cells that drains to each gage. This 

number was then multiplied by the cell size, 100 m * 100 m, which resulted in an area of square meters 

for each watershed. This value was then converted to square feet to provide for correct units. A summary 

of these results is shown in Table 1. 

 

Table 1: Areas calculated from Watershed Delineations 

 

 

The above steps led to the acquisition of streamflow data and watershed areas. However, precipitation 

data was also crucial to the analysis. The determination was made that monthly data would be sufficient 

for precipitation data as this project will show the yearly runoff ratios. By using monthly data, the 

averages attained for each year were determined to be adequate. Another consideration during the 

acquisition of precipitation data was the concern of error from conversions and interpolating. To reduce 

this error while still obtaining accurate monthly averages, it was determined that gridded data would be 

the best option; and PRISM data from Oregon State University would be the best source (Oregon State 

University, 2012).  

 

The challenge of using PRISM data over a long period of time is the increased burden of downloading 

each month of data for many years. Since four gages and thus, four watersheds were used for this 

analysis; this could become a very tedious and time-consuming process. In order to reduce the download 

time, a script within the mathematical program, R, was used to download the necessary PRISM data for 

each watershed area. See Appendix B for a more detailed explanation involving this script. 
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The monthly precipitation averages for each watershed was collected and an average yearly value of 

precipitation was found by adding the monthly averages (See Appendix C). This value was then 

converted from mm/year to feet/year. 

 

The streamflow data was determined in two ways. The flow in the gages at Woodland and Hailstone were 

acquired in monthly cubic feet per second (cfs) averages. These values were summed for each year and 

then divided by twelve to get a yearly average. This value was then converted to cubic feet per year. The 

other two gages are downstream of Jordanelle reservoir which causes the streamflow to be influenced by 

the reservoir. The analysis for this project was to determine the natural runoff ratio, so the most accurate 

value of streamflow at these points would be the Jordanelle reservoir inflows from the Provo River. The 

Bureau of Reclamation records the daily inflow and outflow during each day of the year. This information 

was obtained and an average value of streamflow for each month was calculated (Bureau of Reclamation, 

2012b). These averages were summed and converted to give a yearly average in cubic feet per year for 

the River Road and Charlestown gages (See Appendix D). 

 

The unit area discharge (q) was computed by taking the streamflow at each gage (cubic feet/year) and 

dividing it by the area of each watershed (square feet). To determine the runoff ratios (r) for each 

watershed, the unit area discharge was divided by the precipitation average (feet/year). This unit less 

runoff ratio was computed for every year that each stream gage had available data. 

  

Results	and	Discussion	
The runoff ratios that were calculated from the above analysis are summarized by the following graph 

(Figure 7). The runoff ratio is plotted on the y-axis with the years on the x-axis. All four gages are shown 

on the same graph. 
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Figure 7: Runoff Ratios calculated for the Provo River Watershed. 

As this graph illustrates, the runoff ratios from year to year vary significantly. However, each of the four 

gages seems to follow the same general trend. This shows that the soils in this region act similarly and 

that the whole watershed has similar characteristics. On any given year, the runoff ratio is very similar 

between gages. Although uniformity exists among the gages, values of 0.9 for a runoff ratio are too high 

for Utah. This shows that even though every precaution was taken to obtain the best precipitation data; 

that PRISM may even fall short in evaluating the precipitation in this area accurately.  

 

A more likely source of the error however, is the streamflow data. Recently information was obtained that 

a six-mile long tunnel runs from the Duchesne River and connects to the Provo River. This tunnel has the 

capacity to deliver 630 cfs during the spring. However, the flows are usually substantially lower than the 

maximum capacity of the tunnel. For example, during the past month, the Duchesne Tunnel has only 

averaged a flow of 10.3 cfs (PRWUA, 2012). This amount of flow is minimal when compared with the 

yearly averages at the gages, which are around 200 cfs (See Appendix E). No historical data for flows at 

the Duchesne Tunnel could be obtained previous to November 6, 2012; thus, the assumption is made that 

slight errors in the streamflow have occurred because of neglecting the tunnels impact. The high runoff 

ratios could thus be explained from a combination of inaccurate PRISM data, and slightly higher than 

natural streamflow because of the tunnel. 
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Further investigation was explored as to how the runoff ratios have varied once the reservoir has been 

built. The assumption that the flow at the Charlestown streamgage was the reservoir inflow was explored 

in greater detail. The following figure, Figure 8, shows the runoff ratio computed from this assumption 

(green line), and the runoff ratio computed from the streamflow measurements by the streamgage 

(turquoise line).  

 

 

Figure 8: Runoff Ratio Comparison after Jordanelle was built with Charlestown gage showing both measured streamflow and 
reservoir assumption. 

This graph shows that the runoff ratios calculated from the reservoir inflow are much closer to the other 

three gages. The flow measured by the streamgage at Charlestown is greatly influenced by the amount of 

water that is released by the reservoir, thus causing certain years to differ from the other gages 

significantly.  

 

Conclusion	
Through the use of ArcMap and other programs, comparisons of the runoff ratios in the Upper Provo 

River watershed were obtained. These runoff ratios were similar between all the gages, which shows that 

this watershed has similar characteristics. Some of the runoff ratios were unrealistic, which shows that 
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some years of data may have errors in measurement. Whether the errors came from the PRISM data 

obtained or the streamgages is unknown. Overall, ArcMap is a powerful tool that can be used in the 

analysis of watersheds and runoff coefficients 
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Appendix	A:	Watershed	Delineation	
This appendix shows the final watershed delineation of each of the four watersheds. The areas for these 

watersheds was obtained by using the identify tool at the outlet to determine the number of grid cells that 

drained into the gage location. By knowing the cell size to be 100 m X 100 m, the area of each watershed 

could be calculated. Figure A.1 shows the watershed delineated upstream of the Charlestown gage. The 

area was found to be 373.15 square miles. 

 

Figure A.1: Watershed Delineation upstream of Charlestown gage 

 

The next watershed that was delineated was the one upstream of the river road gage. The result produced 
an area of 269.13 square miles for this watershed and the result is shown in figure A.2. 
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Figure A.2 Watershed delineation upstream of River Road gage. 

 

The next two gages upstream were the hailstone gage and the woodland gage. The area upstream of the 
hailstone gage was found to be 228.38 square miles as shown in figure A.3. Then, the area upstream of 
the woodland gage was found to be 172.33 square miles as shown in figure A.4. 



16 
 

 

Figure A.3: Watershed delineation upstream of the Hailstone gage. 

 

Figure A.4: Watershed delineation upstream of the Woodland gage. 
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Appendix	B:	R	Script	for	downloading	of	PRISM	data	
This script was initially created by Dr. David Tarboton for the Great Salt Lake Basin. Through several 
modifications, the program was edited for use in the Provo River watershed. Before this script could be 
used, several items needed to be completed within ArcMap. First, the gridded data available from PRISM 
had to be downloaded as a shape file for the entire United States. Then, only the points within the 
watershed areas had to be selected so that the precipitation averages would only be calculated over the 
watershed. Thus, the Charlestown watershed had a larger amount of points to average the precipitation 
over than the other watersheds. Sequentially, the Woodland watershed had the least amount of points 
from which the precipitation would be averaged. Figure B.1 shows the points that were selected for the 
Charlestown watershed and figure B.2 shows the points that were selected for the Woodland watershed. 
Similar shapefiles were created for the Hailstone and River Road areas. 

 

Figure B.1: PRISM points within the Charlestown watershed that were  
selected, from which a shapefile was created. 
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Figure B.2: PRISM points within the Woodland watershed that were  
selected, from which a shapefile was created. 

 

Once the shapefiles were created for each watershed area, the years to acquire the data from PRISM were 
determined. PRISM data comes in folders every ten years, thus, the format to correctly reference these 
folders had to be followed. For example, the Woodland gage needed data from 1960-2012. Table B.1 
shows how these years would be entered into a table that would be referenced by R.  

Table B.1: Example of entering years of interest  
into a table that can be referenced by R. 

 

Once the above work is completed, then the script is ready to run. Within the script, the first section is a 
function that was created to reference a folder of years from which to download data. This function uses 
the RODBC library, which is most easily used in the 32-bit version of R. The second section within the 
script then references this function and extracts the data from only the shapefile that was created in 
ArcMap. Then the results are output in a table for readability and easy interpretation.  
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The following script is an example of the script used for the Woodland watershed. A location must be set 
for the data to be stored, for this example, the location is G:/PRISM-DATA-2/Woodland. The file, 
PrismFoldersYrs2, is the excel file that includes Table B.1 which has the years to extract the data. The 
file Woodlandppt.dbf is from the shapefile created within ArcMap that has the points within the 
Woodland watershed selected as shown in Figure B.2. The function is shown in Figure B.3 and the code 
for the operating of the program is shown in Figure B.4. 

 

Figure B.3: Function within R that references years folder and extracts data from PRISM website. 
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Figure B.4: Remaining code within R that extracts data from PRISM. 

 

This script was used for each sub watershed to determine the monthly average precipitation for the years 
desired.  
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Appendix	C:	Summary	of	PRISM	Data	Collected	
Within this Appendix is the PRISM data that was downloaded from the program R. The precipitation 
monthly averages were only used for the years that the streamgage existed. The PRISM data downloaded 
for the four watershed areas is shown in the following tables; Table C.1 (Charlestown), Table C.2 
(RiverRoad), Table C.3 (Hailstone), and Table C.4 (Woodland). After this data was downloaded, the 
monthly averages for each year were added together in order to give a precipitation amount per year. This 
value in mm/year was then converted to ft/year to allow for calculations to be completed in feet. 

Table C.1: Precipitation data for the Charlestown Watershed 
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Table C.2: Precipitation data for the River Road Watershed 
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Table C.3: Precipitation data for the Hailstone Watershed 
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Table C.4: Precipitation data for the Woodland Watershed 
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Appendix	D:	Jordanelle	Reservoir	Inflow	Data	used	for	Streamflow	
assumptions	at	River	Road	and	Charlestown	Gages.	
This appendix shows the reservoir inflow data that was obtained from the Bureau of Reclamation 
(2012b). This was assumed to be the average streamflow at the River Road and Charlestown streamgages. 
This is an accurate assumption for the River Road gage as it is directly downstream of Jordanelle 
Reservoir. Alternately, this assumption for the Charlestown gage could cause some errors in the 
streamflow data. However, this error would be less than the error given by the actual streamgage at 
Charlestown as the values at this gage would be highly uncertain because of Jordanelle being upstream. 
Table D.1 shows the inflow values that were used as the flow in the Provo River downstream of the 
reservoir. 

Table D.1: Jordanelle Reservoir Inflow Data that was used as  
the streamflow values at the River Road and Charlestown gages. 
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Appendix	E:	Calculation	of	Runoff	Ratios	and	Streamflow	Information	at	
Woodland	Streamgage	
This appendix gives a summary of values that were used for the runoff ratio calculations. A similar 
pattern was completed for all four streamgages, but only the Woodland streamgage information is shown 
in full detail.  The average yearly streamflows varied significantly; however, they were often around 200 
cfs which shows that for most seasons of the year the Duchesne tunnel has a small percentage of flow that 
enters the Provo River. Figure E.1 shows a summary of the precipitation and streamflow data that was 
used to calculate the runoff ratio at the Woodland streamgage. 
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Figure E.1: Summary of Yearly Statistics at the Woodland Streamgage. 


