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Abstract 

 

This project sought to develop a simple-to-use application capable of pulling hydrologic 

data from the United States Geological Survey (USGS) data servers, Fourier transforming it, and 

displaying the results for the end user to draw conclusions with. The program itself was built to 

be easy to use, and easy to modify.  

 

 

Introduction 

 

Fourier transformations are not a new approach to analyzing hydrologic data. In fact, 

many research articles that were encountered while writing this essay seemed to almost overlook 

Fourier transformations in favor of more “dynamic” or “adaptable” formulas for analyzing 

discharge data, such as the wavelet transformation which seems to be the most popular method in 

this sort of, “family” of mathematical approaches to hydrologic analyses. However, almost from 

the start, the idea for this project has been, not to invent a fresh new method for analyzing 

hydrologic data, but to make it very easy to use the existing fast Fourier transformation, and 

apply it to whatever site a user of the finished application might have in mind, for whatever 

purpose they have in mind. Additionally, the hope is that others may be able to very easily build 

on this work and turn it into a, still convenient and intuitive, but fairly powerful and flexible little 

software tool for this and other forms of analysis of hydrologic data. 

 

 

Literature 

 

While researching the topic, “hydrologic feature extraction using the fourier 

transformation,” some cursory research uncovered that the open geospatial consortium stated, 

“Hydrologic features are the unit of water information required to convey identity of real-world 

water-objects through the data processing chain from observation to water information,” or the, 

“abstraction of real world phenomena.” In all honesty, neither of those definitions got the author 

of this paper any closer to understanding what a good end goal for this project should be, and 

may actually refer to hydrologic “features” such as lakes, rivers, and the rest. 

 

 But, with that in mind, research began by looking into Fourier transformations 

themselves with the assumption that “features” was to refer to any hydrologic events that would 

remain in a hydrograph after some form of “de-noising” by performing a Fourier transformation, 

applying some function to the transformed data and then performing an inverse Fourier 

transformation, which, in python, is as simple as. “numpy.fft.ifft()”. In the paper titled, “Spectral 

analysis of base flow separation with digital filters,” one civil engineer, M. E. Spongberg, did 

essentially that, and suggested optimal filtering procedures based on filter theory. For their 

analyses, that author consistently examined graphs of the number of cycles per day. This simple 

fact, that a hydrologist might want to investigate flow rate data, and its frequency, at such a high 

sample rate, informed the first major decision for this application, which was to “get” and 

transform 15 minute flow rate data. It would be useful; however, not to limit the functionality of 

the final application to a single use case, such as base flow separation, so more investigation was 

warranted.  
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In Gudmundsson (1970, p.342) the authors state that a, “review paper by Kisiel (1969) 

deals with the application of spectral analysis to hydrology. It also contains an introduction to the 

estimation of spectra.” This may be something worth further investigation for anyone 

researching this topic in the future. Anderson(2007), and Gudmundsson (1970 p.345) also 

analyzed hydrologic data in a small time scale, making use of Fourier transformations. 

Gudmundsson compared the Fourier transformations of six different months and also utilized a 

low frequency filter (p. 344) These may be capabilities worth adding to the application, that is 

frequency filtering and comparing Fourier transformations across different datasets, be it 

location, or equal intervals of time, but that would certainly make it easier for a user to “break” 

as well.  

 

Although comparing two hydrographs, or a hyetographs to a hydrograph, was eventually 

identified as an unattainable goal within the time constraints for this project, a not-insignificant 

amount of time was committed to researching it, but not entirely in vain. One take-away from the 

hydrologists in the article, “Series distance – an intuitive metric to quantify hydrograph 

similarity in terms of occurrence, amplitude and timing of hydrological events,” comes, 

surprisingly, from the introduction. They posed a hypothetical conversation with a hydrologist 

who was responsible for forecasting surface flow rates, which demonstrated that, “be it for 

parameter estimation during model calibration, model validation, classification of hydrological 

systems or identification of scales at which to separate explicit and implicit representations of 

structures and processes: metrics, measures and objective functions (including subjective visual 

inspection) are applied in all disciplines of Hydrology.” This helped to inform two decisions for 

the application. The first was that a user should be able to select a timescale, and the second was 

that, although not ideal, it might be somewhat acceptable for the application not to return a 

specific value after retrieving the data, but to instead, simply display the information for 

subjective visual inspection. 

 

It was later determined that the most practical definition of features, for this project, 

should be “seasonality,” or essentially, predictable changes that occur over specific regular 

intervals in time series data. But what interval determines a season? The initial determination 

was that in order to be useful in as many cases as possible the interval should not be fixed, but 

the professor later clarified that a change with a period of one year should be considered 

seasonal. As an aside, it may be worth noting here that because a water year is 12 months, it may 

not matter either mathematically or to a hydrologist, if that is a water year or a calendar year. It 

has been difficult, however to determine if there is an actual calculable metric for seasonality I 

turned to papers outside of hydrology that use the Fourier transformations such as Sun et 

al(2020), and found that although they calculated metrics such as seasonal maxima and minima, 

“seasonality” is essentially a descriptor for the graphical trends in the data, as it’s shown on a 

graph of day-month but not year so that at every x-value there are as many y-values as the 

number of years being analyzed. This suggests that “seasonality” is something which is typically 

qualified via graphs, rather than being quantified but it is possible that this is a misinterpretation. 
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Beyond ordinary Fourier transforms many other “related” transformations and analyses 

are common in the current literature including; Gabor transformations which could be used to 

generate spectrograms showing strength of frequency vs time, STFT(short time or windowed 

Fourier transformations) such as the model in Anderson et al. (2007), and Wavelet 

Transformations as is seen in Pandey et al. (2017), and an many other papers that were seen in 

the process of finding this literature but not used, specifically Mexican hat wavelet is of interest 

to the field of hydrology and seasonality detection, especially when the seasonal fluctuations are 

not quite periodic, or just for examining a variety of time scales Smith et al. (1998).  

 

Additionally, although they aren’t peer reviewed articles, this video series 

“https://www.youtube.com/playlist?list=PLMrJAkhIeNNT_Xh3Oy0Y4LTj0Oxo8GqsC” would 

be quite helpful for anyone attempting to fully understand Fourier transforms, and some other 

uses for them, in order to better imagine some operations that would be useful for hydrologic 

applications as I was, and this slideshow that I found online might be inspirational 

“http://www.l3s.de/~anand/tir14/lectures/ws14-tir-foundations-2.pdf”. This textbook chapter was 

also somewhat helpful “http://search.ebscohost.com.proxygsu-

nga1.galileo.usg.edu/login.aspx?direct=true&AuthType=ip,shib&db=nlebk&AN=92180&site=e

ds-live&scope=site&custid=ns235470&ebv=EB&ppid=pp_443” but may require a closer read 

than I was able to give it under the time limit. 

 

 

Project statement 

 

 Initially, this project set out to design a tool which a hydrologist could feasibly use for 

any number of analyses which required a Fourier transformation of flow rate data. As the tool 

was developed, an attainable objective became clear.  

  

 

Objectives 

 

The primary objective is to develop an application capable of fetching flow rate data from 

the USGS servers and displaying it, the Fourier transformation of it, as well as all the component 

parts of the transform. The application should be relatively easy to simply run, use, and not 

necessarily require the user to interact with the command line.  

 

 

Materials and methods 

 

This program is written in python and requires the user to install python and the; numpy, 

matplotlib, os, urllib, json, PySimpleGUI, and pandas, libraries. The data comes from the United 

States Geological Survey (USGS) rest services. The initial problem for creating this application 

was how to obtain hydrologic data to analyze. Fortunately, the rest services, daily values API for 

the USGS is well documented at this url, “https://waterservices.usgs.gov/rest/DV-

Service.html#Service”. Because we had practiced reading JSON objects as a python object in 

class with, “json.loads(),” it was decided to build a “get” request that asks for the data in that 

https://www.youtube.com/playlist?list=PLMrJAkhIeNNT_Xh3Oy0Y4LTj0Oxo8GqsC
http://www.l3s.de/~anand/tir14/lectures/ws14-tir-foundations-2.pdf
http://search.ebscohost.com.proxygsu-nga1.galileo.usg.edu/login.aspx?direct=true&AuthType=ip,shib&db=nlebk&AN=92180&site=eds-live&scope=site&custid=ns235470&ebv=EB&ppid=pp_443
http://search.ebscohost.com.proxygsu-nga1.galileo.usg.edu/login.aspx?direct=true&AuthType=ip,shib&db=nlebk&AN=92180&site=eds-live&scope=site&custid=ns235470&ebv=EB&ppid=pp_443
http://search.ebscohost.com.proxygsu-nga1.galileo.usg.edu/login.aspx?direct=true&AuthType=ip,shib&db=nlebk&AN=92180&site=eds-live&scope=site&custid=ns235470&ebv=EB&ppid=pp_443
https://waterservices.usgs.gov/rest/DV-Service.html#Service
https://waterservices.usgs.gov/rest/DV-Service.html#Service
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format. The documentation states that, “The current version of WaterML will be rendered in a 

JSON structure as a set of name/value pairs. JSON is excellent for Web 2.0 applications. 

However, use JSON with caution as name/value pairs will change automatically when the default 

version of WaterML is upgraded.” The documentation for WaterML was put to some use to 

figure out how to get to the list of values, and it was somewhat helpful but largely the location of 

information in the object was deduced by “printing.” I found that the data itself was inside a list 

called value, in the first list within “values”, which was in the first list in “timeseries”, which was 

in the list called “value”. So the path to any value “i” would be 

["value"]["timeSeries"][0]["values"][0]["value"][i]. I also found that the date and time was 

formatted like, “YYYY-MM-DDT00:00:00.000-00:00” and decided to only used the first 19 

characters of that like, “YYYY-MM-DDT00:00:00” to make the output hydrograph more 

legible. 

 

 The decision to use pySimpleGUI was made for two reasons. The first was that I had 

already used it, and so to some extent, was familiar with how it worked, and second a goal of the 

project was for the end user not to necessarily be required to interact with the command line. The 

decision to build the request to return all values within a period from now was made simply to 

keep the interface and the request to the server simple and “idiot-proof” as they say.  It is 

noteworthy for anyone modifying this in the future that PySimpleGUI has a built in 

“CalendarButton” feature for selecting a date on a calendar and passing that date as a user input. 

So, it would be very easy to replace “&period=P{}D” in the url request with, “&startDT= yyy-

mm-dd&endDT=yyy-mm-dd” That would make the application more flexible, although ever-so-

slightly easier for the end-user to “break” by picking invalid ranges, or struggling to use the 

calendar button correctly, which is something that, having designed several reasonably simple 

user interfaces in survey123, the author of this paper has learned to expect. 

 

 Now that the data was in python as lists it was possible to graph and Fourier transform 

it. Some adjustments had to be made to ensure that the graphs would consistently be legible, for 

example, the length between y ticks on graphs of only a few uneventful days of data was, “out of 

range” and causing errors so it was necessary to use either the “ideal” value, or 1, whichever was 

largest. plt.figure() was used before the design for each plot so that plt.show() would produce all 

the graphs simultaneously, rather than one at a time.The first graph, figure 1, is the hydrograph 

which simply displays the original data as is. The second, figure 2, is the frequency magnitude 

spectrum which was meant to be interpreted like a periodogram. Last, figure 3, is a graph of the 

component sin and cos frequencies that make up the original hydrograph, and borrows from, 

“https://github.com/HuidaeCho/digip/blob/master/digip.py”  

 

 A few small changes were made to that borrowed piece of, “digip” script though. First, 

the manual methodology for calculation of the Fourier transform was removed and replaced with 

the fast Fourier transform function in numpy. There were labels in the legend which, as noted in 

the python file itself, were removed, because for most hydrographs there were too many “u” 

values for this legend to fit the table, but as commented on those lines, the structure is useful for 

labeling or displaying specific values. For example, to plot and label a specific F[u] value, you 

could eliminate the "for loop" line, dedent these three lines that the comment is in, and replace, 

"u" in the formula that calculates, "yy" with the value you wish to plot. For the monthly average 

statistics data, which will be discussed more, soon, some experimentation was done to see if 

https://github.com/HuidaeCho/digip/blob/master/digip.py
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perhaps multiples of 12 or the number of months or years would be particularly useful 

frequencies to plot or display for the user, but the results were seemingly inconclusive. That may 

warrant closer investigation in the future though. Lastly, Dr.Cho’s script initially printed 

F(values) to the command line, but there were so many for most hydrographs, that the IDE being 

used to write the application couldn’t display all of them, so it was slightly altered to open a text 

file, write all the values to that, and open it automatically. 

 

 After building the structure for fetching fifteen minute data, it was decided that the 

application should instead utilize monthly statistics data in order to analyze several years’ worth 

of data for seasonality. Rather than eliminate the work that had already been done, this was 

added as a second button option in the user interface. Like the rest services, daily values API 

before, the United States Geological Survey (USGS) statistics service API is also well 

documented but is found instead, at this url, “https://waterservices.usgs.gov/rest/Statistics-

Service.html”. Unfortunately, for the URL argument used to specify the output format of the data 

returned, the documentation states, “Only tab-delimited (RDB) is available at this time. XML, 

JSON and Excel will be available in the future. rdb is a self-describing tab-delimited format used 

widely by the USGS.” So reading the data would require a different approach. Essentially just 

by, “brute force,” trial and error, a methodology for reading the data was developed. First the 

response is opened with readlines(), then decoded with utf-8. Next, the lines in the description, 

which are commented out and therefore denoted by, “#” are passed, and the lines which are rows 

in the table are appended to a list. The first line in that list is the column names, but there was 

consistently an extra one which needed to be removed (this is noted in the python file). The data 

is loaded into a pandas data frame because that makes it easy to read table data.  The relevant 

columns are read as lists and the data is ready to be graphed, transformed and displayed, much 

like before. 

 

One aim was to plot a spectrogram using a Gabor Transformation, because from the 

research, it seems that it’s a good compromise between the time and frequency domains, which 

this application plots in figure one, and figure two, respectively. One example online made it 

appear that it could be as simple as using plt.specgram(flow_rate, NFFT={}, Fs={}, 

noverlap={}) Unfortunately, I could not find an appropriate “sampling rate” (Fs), window time 

scale (NFFT), and overlap, that produced anything near as useful and legible as the examples I 

was seeing demonstrated with sound recordings, but for any future student researching this topic, 

it’s hoped that this url still works, and can help, 

“https://ccrma.stanford.edu/~jos/mdft/Sampling_Theory.html”  

 

 

User guide 

  

In order to use this application, make sure that you have python and the numpy, 

matplotlib, os, urllib, json, PySimpleGUI, and pandas, libraries installed. Run the program and 

click on, 'Click "here" to find the site you would like to analyze. (Please be patient)', in the 

window that appears. This should open the United States Geological Survey (USGS)  national 

water information system mapper in your default web browser. It is important that you pick a site 

which has the data you are trying to transform. To verify this, click on the site in the USGS 

national water information system mapper, and a popup will appear. Click on the blue hyperlink 

https://waterservices.usgs.gov/rest/Statistics-Service.html
https://waterservices.usgs.gov/rest/Statistics-Service.html
https://ccrma.stanford.edu/~jos/mdft/Sampling_Theory.html
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in that popup that says “access data.” That will open a page which displays all the available data 

for that site.  

 

 If you are trying to use the 'Transform 15 Minute Data' button, you must verify three 

things. One, that the data type, “Daily Data: Discharge” (not, “Daily Statistics: Discharge”) is in 

that table, two that the end date is the current date, and three that the begin date is not outside of 

the day range that you want to specify. If all three conditions are met, the 'Transform 15 Minute 

Data' button will function, otherwise you must pick a different site or day range accordingly. 

(See figure-4) 

 

If you are trying to use the, ‘Transform Monthly Average Data’ button, you must verify 

that, “Monthly Statistics: Discharge” is in that table. If this condition is met the, ‘Transform 

Monthly Average Data’ button will function, otherwise you must pick a different site. (See 

figure-5) 

 

When either transformation is run, a hydrograph (Figure 1), frequency magnitude 

spectrum(Figure 2), graph of the wave components of the hydrograph (Figure 3), and text report 

of all F(u) components in the hydrograph (Figure 4) should appear. If you enter invalid or no 

values a popup error message explaining the issue should appear. 

 

 

 

Results 

 

The application was manually tested over 50 times on at least 30 valid sites and 20 

invalid sites, and consistently performed as expected, allowing a skilled user to visually interpret 

the data. The highest date range tested on the monthly statistics data was 21 years, or 250 data 

points, and the highest date range tested on the 15 minute data was 365 days or 35,040 data 

points. Shown in figures one through four are the example outputs from one of the test runs on 

15 minute data. Matplotlib was used to display the data so that the user is able to use the built in 

navigation bar to explore it, and the values for F(u) in the data range are saved to a text document 

which is automatically opened for viewing. 

 

 

Conclusions 

 

For non-programmers, the application should be useful for fetching and transforming the 

data, visually identifying key hydrologic features in the frequency spectrum, and selecting the 

appropriate values for various hydrologic analyses. For programmers, the script should provide 

an excellent framework for even further analysis. Future research may aim to explore other, 

related transformations and methods of analysis which have been discussed such as 

autocorrelation, Gabor transformations to generate spectrograms showing strength of frequency 

vs time, STFT(short time or windowed Fourier transformations), and or Wavelet 

Transformations (specifically Mexican Hat). 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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