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Objective 

The aim of this tutorial is to gain a general understanding of how to use the Functional Flows 

Calculator to evaluate pre- and post-altered flow regimes. The flow regime in the American 

River, prior and after the construction of the Folsom Dam, is used as case study. 
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Introduction 

The American River in runs 119 miles (192 km) from its headwaters in the Sierra Nevada to its 
confluence with the Sacramento River, in Sacramento, CA.  As part of the Central Valley 
Project, the Folsom Dam was constructed in 1956 for the purposes of flood control, 
hydroelectricity, and irrigation and municipal water supply. We will be using the Functional 
Flows Calculator (FFC) to analyze flow data below the Folsom Dam at the USGS Fair Oaks 
stream gage.  
 

 
Figure 1: American River 
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Software and Data 

Go the website: https://eflows.ucdavis.edu/, This is where the FFC lives. You will have to create 

an account by signing up. 

 

 

You should also download the two data files (pre-dam, and post dam construction) for the 

American River at Fair Oaks, CA. provided in the website and Canvas. Once you have 

registered, log in to your account and in the upper right corner click on your initials to go to your 

“Profile” 

 

https://eflows.ucdavis.edu/
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Now, you are in your profile main page, cool! I have provided you the files needed for the 

analysis, but also please notice that you can download a file template that is useful for uploading 

your own data if you need it in the future. 

 

 



 7 

Pre-Dam Folsom Dam Construction Analysis 

Let’s start by doing a hydrologic and flow regime analysis of the American River before Folsom 

Dam was constructed. In the your profile webpage, let upload the file: “Pre-

Dam_American_River_at_FairOaks.csv”. Then, name the uploaded data “Pre-Folsom Dam 

Hydrology”, declare the river as “American River” and location “Fair Oaks, California”. Then 

click on the UPLOAD button. 

 

 

It should take some time (about a minute or less) for the FFC (Functional Flows Calculator) to 

run and estimate all the functional flow metrics. Once thew calculations are over, the webpage 

should look like the following figure. Click on the icon of open in the lower right corner ( ). 
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Look how cool the dimensionless reference hydrograph (DRH) came out of the FFC! A 

dimensionless reference hydrograph is a scalable representation of reference hydrology based on 

streamflow data from unimpaired catchments in a hydrologic stream class. The y-axis is 

expressed in dimensionless units by dividing the daily discharge (of a given year) by the average 

annual discharge (of that given year). In plain term, the DRH shows how many days and when 

the flow is below the annual average (below 1 in the y-axis) and above the average (above 1 in 

the y-axis).  
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The DRH synthesized the seasonal and interannual flow regime of a river. You can see the 

seasonal variation throughout the months (using the water year calendar that start on October 

1st), which is the overall all change in flow throughout the water year. Also, you can see the 

interannual variability, which is the total spread in the y-axis, as well as the interannual 

variability along the different part of the water year. Cool!!! Please notice that the red line is the 

50th percentile of flow at any given water day (half of the time the flow is above or below that 

red line). Also you can see the 10th, 25th. 75th and 90th percentiles estimated for every day of the 

water year. Even more cool! You can click in “Download” and the DRH figure will be 

downloaded into your computer.  

 

To be turned in: 

• The figure of the dimensionless reference hydrograph downloaded from the FFC.  

 

Now, let’s explore some characteristics of FFC and the pre-Folsom dam construction. Click on 

“Display” and a right menu should come to the screen. Then Click on “Class” and Select class 

“3: LSR –Low-volume snowmelt and rain.”  Now, you can see two DRHs, one for the natural 

Streamflow Class #3 LSR (Low-volume snowmelt and rain), it should look like the figure below. 
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If you click in the lower corner the “Hydrograph Overlay” toggle button, you will see appear and 

disappear the DRH for this class #3. If you remember, the nine natural streamflow classes were 

introduce during lecture, including LSR: 
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From the lecture, let’s remember what are functional flow components and metrics. A functional 

flow component is a distinctive aspect of a flow regime shown to directly relate to ecological, 

geomorphic or biogeochemical processes, and thus are relevant to specific life history stages or 

habitat needs of a species related to a riverine or riparian ecosystems of interest. Think of this, 

the species that live in the river and along the American River at Fair Oaks evolved with the flow 

regime shown two figures above and in order to identify distinctive aspects of the water year, 

the flow regime is divided in different seasons (dry-season low flows, wet-season base flows 

and spring recession flows) and distinctive flow events (fall pulse flows and peak magnitude 

flows) that are directly linked to the well-being of riverine and riparian ecosystems. Super cool!  

 

 

 

The functional flow components are theoretical concepts that can be quantified. For this 

purpose, we use functional flow metrics that are discrete numeric measures estimated for each 

functional flow component that can be calculated directly from streamflow data. The flow metrics 
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are calculated using flow characteristics (magnitude, timing, duration, frequency and rate of 

change) that are proven to be beneficial for the riverine ecosystems.  

 

 

 

Now Click into “Annual Flow Plot”, “Display”. Also Fix  the y-axis in the lower right corner and 

type the Y-axis percentile as “0.99”. The window should look like the figure below. We will 



 13 

explore how the different functional flow components and metrics change throughout time. Let’s 

start with the Spring Recession functional flow component, first in the pull down menu of 

“Spring Recession” toggle the two metrics of “Recession Timing” and “Recession Magnitude”. 

 

Now, drag the year bar at the bottom of the figure to different year, let say 1905.  
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As you can see, the start of the spring recession timing and magnitude start at different times and 

with different magnitudes every year. Now, let select only  two timing metrics, “Recession 

Timing” and “Dry-season Start Timing” and select year 1916. This year you can see that the 

recession flow started pretty early in the year, around March 23rd (move the cursor on top of the 

Recession timing line and the date will be displayed in the upper right corner) and the Dry seson 

started around August 7th. Cool!   

 

Now, if you change to water year 1917,m the spring recession timing started later in the date, and 

the dry-season start timing also started early.    
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Now let’s turn all timing metrics and see how the time they occur change every year. They 

change depending on the weather conditions. Take a look at 1907. Then take a look at 1912. As 

you can see, there was no Fall Pulse on this year, meaning, the was no early storm event to 

generate a fall pulse. The first storms started very late, in early January.   
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To be turned in: 

• Explore by yourself the functional flow calculator. Chose two years (copy their figure) 

and describe their differences. 

• Can you see the variability in time when these functional flows occurred?  

• Think on how the native ecosystem evolved through time considering that there is an 

important variability in the timing (for different years) of the functional flow metrics. 

Elaborate on this. 

 

Now, we are going to evaluate also how they compared with their dimensionless reference 

hydrograph. Active it in the background by activating the “Hydrograph Overlay” in the right 

bottom of the FFC. 
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Go to water year 1924 and download the figure. Then go to water year 1938 and download its 

figure.  

To be turned in: 

• Discuss about the differences among these two water years. Can you discern the climatic 

conditions that occur in those year?  

 

Now Click on “Back” and let’s take a look at the results of the functional flows estimation. 

Create a new folder in your computer called “Pre-Folsom Dam Analysis” and download the files: 

Metrics Read Me, DRH and Annual Flow Results (see right figure below). 

  

Open those csv files. Important note, make sure when prompted to open that you select Tab and 

Comma as the delimiters of the data (see figure below) 
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Open the “Metrics_reference.csv” file. As you can see, this file provides a description of each 

functional flow metric. The file “annual_flow_results.csv” contains the estimation of each 

functional flow metric for every year. Notice that there are certain functional flow metrics that 

are not calculated every year, because they do not occur every year. And finally, the file 

“flow_DRH.csv” provides the dimensionless data to build the dimensionless reference 

hydrograph.  
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Open the “FFC_Master.xlsm”. Then, go to the file “annual_flow_results.csv,” select all the data 

in it (hit Ctrl + A) and all cells should be highlighted. Go back to the FFC_Master.xlsm in the 

worksheet of “Annual Flow Result”, go to cell A1 and hit Ctrl + V (paste). The sheet should look 

like the following figure. 
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Now, go to the file “flow_DRH.csv”, select all the data in it (hit Ctrl + A) and all cells should be 

highlighted. Go back to the FFC_Master.xlsm in the worksheet of “Flow DRH”, go to cell A1 

and hit Ctrl + V (paste). The sheet should look like the following figure. 

 

If you go now in the file “FFC_Master.xlsm” worksheet “Calculations” the file should look like 

the figure below. Basically, what this sheet is doing is calculating the 0.10, 0.25, 0.50, 0.75, 0.90 

percentiles for each of the functional flow metrics.  
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Now, go to the Result worksheet and the sheet should look like the figure below. What you are 

seeing is the dimensionless reference hydrograph for the Pre-Folsom dam hydrology, including 

the functional flow regime that includes dry-season low flows, wet-season base flows, and spring 

recession flows.  
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Now, I would like you to compare the flow regime (black dashed line) calculated using the 

functional flow metrics and the conceptual flow regime presented in the two figures above.  
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Now in excel go to the file folder and “Save As.”  You will save this file as “Pre-Folsom dam 

regime.xlsm” in the folder where you downloaded the files from FFC (“Pre-Folsom Dam 

Analysis” folder).  
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To be turned in: 

• The flow regime figure of the DRH 

Instructions: Go to cell F2 and change the number “0” (zero) to “1” (one). Now, take a look 

at the flow regime graph. It should now show unit values (cfs).  

• The flow regime figure with unit values. 

• Elaborate on how the natural functional flow regime of Folsom dam provided adequate 

functions for the riverine and riparian ecosystem that lived in the American River. 
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Post-Dam Folsom Dam Construction Analysis 

Now close all files! You will have to go back to the FFC (in the eflows webpage) and upload the 

file “Post-Dam_American_River_at_FairOaks.csv”. In the your profile webpage, we will create 

a new project. Upload the file: “Post-Dam_American_River_at_FairOaks.csv”, then, name the 

uploaded data “Post-Folsom Dam Hydrology”, declare the river as “American River” and 

location “Fair Oaks, California”. Then click on the UPLOAD button. 

 

 

Create a new folder in your computer called “Post-Folsom Dam Analysis” and download from 

FFC the files of associated with the this analysis : “Metrics_reference.csv”, 

“annual_flow_results.csv” and “flow_DRH.csv”. You will have to open again the 

FFC_Master.xlsm and copy and paste the data of “annual_flow_results.csv” and 

“flow_DRH.csv” as instructed in the section above to obtain the flow regime hydrograph of the 
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Pos-folsom dam construction using the FFC_Master file. Once you have copy and pasted the 

results from FFC, in excel go to the menu “File” and “Save As.”  You will save this file as “Post-

Folsom dam regime.xlsm” in the folder where you downloaded the files from FFC (“Post-

Folsom Dam Analysis” folder).  

To be turned in: 

• The post-folsom dam flow regime figure of the DRH (with Cell F2 equal to zero) 

Instructions: Go to cell F2 and change the number “0” (zero) to “1” (one). Now, take a look 

at the flow regime graph. It should now show unit values (cfs).  

• The post-Folsom dam flow regime figure of the DRH with units (with Cell F2 equal to 

one) 

• A figure with four panel were you include the two flow regimes (with and without 

dimensions) that you have analyzed: 

o Pre-Folsom dam flow regime, and  

o Post-Folsom dam construction flow regime. 

Panel 1: Pre-Folsom dam flow regime 

without units (Cell F2 = 0) 

Panel 2: Post-Folsom dam flow regime 

without units (Cell F2 = 0) 

Panel 3: Pre-Folsom dam flow regime 

with units (Cell F2 = 1) 

Panel 4: Post-Folsom dam flow regime 

with units (Cell F2 = 1) 

 

• Elaborate on how the altered (post-folsom dam construction) flow regime compares with 

the natural functional flow regime (pre-folsom dam construction) obtained in the 

previous section. Have we the functional flow been altered? How? In magnitude? 

Timing? 
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