
Plotting scales

Presenter
Presentation Notes
This concludes the discussion of this agenda topic. Please return to the Agenda and choose the next topic for study.
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Presenter
Presentation Notes
We typically plot ratings using logarithmic scales and an offset is usually applied to the gage-height scale. Proper development and use of ratings, therefore, depends on your understanding of these concepts. The next two sections  of the class will focus on developing an understanding of logarithmic scales and scale offsets. This first section will deal with the scales we typically use to plot ratings. The next  section will discuss offsets. The two ratings plotted here are designed to show the effect scales can have on ratings. The same measurements are plotted on both ratings--only the scales differ. We will discuss, in detail, why it is desirable to develop ratings that contain straight-line segments like the rating on the right, rather than developing curved or crooked ratings like the one on the left. In brief, straight line segments facilitate  extending  ratings and allow more accurate interpolation between rating input points. 



The relation between water discharge 
and  hydraulic head (h) is well known 
for standard artificial controls

V-NOTCH WEIR 
(90 degrees)

Q = 2.5 h 2.5

Presenter
Presentation Notes
We will begin our discussion of how we develop and plot ratings by examining ratings for artificial controls.  This will help us develop an understanding of rating characteristics of natural channels. This screen shows a V-notch weir and the equation used to determine discharge for  such a weir.  " h"  is the difference in elevation between the bottom of the v-notch and the upstream water surface elevation. 



Here is the rating for a V-notch weir 
plotted using rectangular scales
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Presenter
Presentation Notes
This screen shows the relation between hydraulic head (h) and water discharge for a V-notch weir like the one shown on the previous screen. Ratings plotted on rectangular  scales, as shown here, are usually curved and have a concave downward shape because differences in discharge increase with increasing gage height. Notice the difference in discharge is about 6.0 cubic feet per second between a head of 1 and 2 feet but is about 11.0 cubic feet per second between 5 and 6 feet. 



You can use log graph paper to turn the power 
function Q = 2.5 h 2.5 into a straight line

• Taking log of equation (Q = 2.5 h 2.5) results 
in
– Log Q = 2.5 log h + log 2.5
– This  is similar in form to equation for a 

straight line, which is y = mx + b
– Causes relation between logarithms of Q 

and h to be  linear.
• Simpler to just plot point on log paper and let 

the paper convert the equation to logs. 

Presenter
Presentation Notes
This is a good point to once again discuss why we typically use graph paper with logarithmic scales to plot ratings. The power function of our V-notch weir example is Q = 2.5 h raised to the 2.5 power. We have already shown that if we plot this power function on rectangular graph paper, the result is a curved line; that is, the  relationship between Q and h is not linear.  However, if  we take the logarithms of both sides of the equation, we get log Q = 2.5 log n + log 2.5. This is the equation of a straight line! This means that, the logarithms of Q and h have a linear relation. If we wanted to, we could take the logs of all our data points, plot  them on rectangular graph paper and end up with  a straight line.  An easier method  is to use logarithmic graph paper and that’s what we typically do when plotting ratings. The results of doing just that are shown on the next screen. 



Here is the rating for a V-notch weir plotted 
using logarithmic scales
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Presenter
Presentation Notes
Here is the result of plotting the relation between hydraulic head and discharge for a V-notch weir on log scales. Note that these are exactly the same points plotted two screens back on rectangular scales and that they now plot as a straight line. 



Here is how log 
scales are plotted
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Presenter
Presentation Notes
Because it will be so important for you to understand the difference between normal, or rectangular, scales on graph paper and LOG scales we will spend a few minutes describing these scales. This screen shows the two types of scales. You’ll note that the difference between numbers in the upper graph with rectangular scales is a representation of how far apart the actual numbers are. For example, the distance between 0 and 4 is the same as the distance between 4 and 8. That’s because both sets of numbers represent an interval of 4. This is not the case in the bottom graph, which uses log scales to present the data. In this graph the distance between 0.1 and 1 is the same as the distance between 1 and 10. This is the case despite the fact that the difference between 0.1 and 1 is 0.9 and the difference between 1 and 10 is 9. The reason these two sets of numbers are equally spaced on the graph is because their logarithms are equally spaced. The log of 0.1 is -1, the log of 1 is 0 and the log of 10 is 1.  Perhaps all you really need to keep in mind when working with log scales is that the these scales allow us to work in log space without really realizing we are doing it. That’s because the log paper is actually taking the logarithms for us. 
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Here is an example of the same lines on 
different scale types

Presenter
Presentation Notes
This screen and the one that follows are designed to impress upon you the difference between lines drawn on rectangular  paper and the same lines drawn on log paper. It is not always easy to visualize what parallel, converging, or diverging lines on log paper really represent. The top  plot on this page uses logarithmic axes. This example is designed to explain those differences. The distance between any two points of a log-log  plot reflect the distance between their logarithms. Remember, points are not separated by the absolute difference in the numbers themselves. Rating curves 1 and 3 in this example are parallel on log paper and lines 1 and 2 converge on log paper.  The bottom graph uses rectangular scales to plot the lines shown on the upper graph. On the bottom graph, therefore, the distance between any two numbers represents the difference in the two numbers themselves, not the distance between their logarithms. Note that lines 1 and 2 are parallel on the paper with rectangular scales, but that lines 1 and 3 diverge on this paper. To give you  a sense for what this means for ratings, we’ve filled out a table on the next slide. 
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Sheet1

		GH		Q3		Q1		Q2		Q1-Q3 (acual)		Q1-Q2 (Actual)		Q1-Q3 (Percent)		Q1-Q2 (Percent)

		0.5		0.75		1.4		11.4		0.65		10		46%		714%

		1		2.6		5		15		2.4		10		48%		200%

		1.5		5.6		10.5		20.5		4.9		10		47%		95%

		2		9.6		18		28		8.4		10		47%		56%

		3		20		38		48		18		10		47%		26%

		5		53		100		110		47		10		47%		10%

		7		100		190		200		90		10		47%		5%
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You must understand what  parallel lines 
on graphs with different scale types 
represent!!

Problem: Determine the actual differences (in cfs) and                
percent differences between curves 2 and 3 and 
curve 1

Definitions: GH = Gage Height
Q1,2,3  = Discharge from rating curve 1, 2 or 3
Q1-Q3 (Percent) = (Q1 - Q3)/Q1
Q2-Q1 (Percent) = (Q2 – Q1)/Q1 

GH Q3 Q1 Q2
Q1-Q3 
(Actual)

Q2-Q1 
(Actual)

Q1-Q3 
(Percent)

Q2-Q1 
(Percent)

0.5 0.75 1.4 11.4 0.65 10 46% 714%
1 2.6 5 15 2.4 10 48% 200%

1.5 5.6 10.5 20.5 4.9 10 47% 95%
2 9.6 18 28 8.4 10 47% 56%
3 20 38 48 18 10 47% 26%
5 53 100 110 47 10 47% 10%
7 100 190 200 90 10 47% 5%

Presenter
Presentation Notes
Here is the table that compares data represented by the three lines on the last screen. You’ll see that if lines are parallel on log-log paper (like they are for ratings 1 and 3),  the % diff remains the same through the full range in discharge. The actual difference in numbers represented by these lines, however, INCREASES with increasing gage height.  Lines 1 and 2 converge when plotted on log scales. This is because the actual differences represented by the lines stays the same as gage height increases. You’ll notice that in contrast to lines 1 and 3, the percent difference between lines 1 and 2 decreases dramatically with increasing gage height. You need to keep these relations in mind when you view ratings and shifts to ratings. For example, a new rating that is parallel to an old rating when both are plotted on log-log paper indicates that the discharge predicted by the new rating  diverges  dramatically from the discharge predicted by the old rating as gage height increases. 
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Scale offsets facilitate developing straight line 
rating segments

Offset = 4

Offset = 0

Presenter
Presentation Notes
As stated at the start of the previous section of the class, we typically apply an offset to the gage-height scale of ratings. This is because, when used in conjunction with the proper scales,  offsets facilitate developing rating segments that plot as straight lines. The two ratings plotted here are designed to show the effect scale offsets can have on ratings. The same three measurements are plotted on both ratings--only the scale offset differs. This section of the class will discuss scale offsets in detail. 



We will start studying offsets by looking at the 
relation between water discharge (Q) and 

head (h) for a v-notch weir when the point of 
zero flow  = 0
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Presenter
Presentation Notes
Let's start looking at the way ratings are developed for gaging stations. We'll start by using a theoretical gage that has a V-notch weir for control. In the case shown here, we could develop a rating by substituting  different values of head upstream of the weir in the V-notch weir equation.  



Here is the rating curve for a v-notch  weir 
with the GZF set at gh = 0.0
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Presenter
Presentation Notes
The rating curve for the installation schematized on the last screen would look like the straight line shown here. You'll notice that in  the setup shown in the last screen hydraulic head, or h, equals gage height because the point of zero flow is exactly at a gage height of zero. Here and elsewhere in this class we will refer to the point of zero flow as the PZF. 



In practice gage height seldom equals  
head… 

Gage Height
GZF

Head = GH - GZF
or about 0.37 (2.55 - 2.18)

Presenter
Presentation Notes
In contrast to the setup just discussed, in the real world we seldom, if ever, end up with the point of zero flow at exactly a gage height of zero.  Natural channels scour and fill so we set the point of zero flow at a relatively high gage height. This avoids negative gage heights and eliminates the need to worry about setting gage datum to the point of zero flow. In the situation depicted here, the point of zero flow is set at a gage-height of about 2.18 feet. 



You must consider a scale offset when 
head does not equal gage height
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The offset (e) is the value used to convert GH to head!

Presenter
Presentation Notes
Now let’s assume we set the instrumentation up at a site like  we typically do at a gaging station. This means that the PZF will correspond to a gage height of something other than zero. In the case shown here the PZF is 1.0 because the weir notch is offset one foot above the arbitrary datum used at this site. The head would be equal to the gage height minus the gage height of the PZF or (GH – e). The value used to convert the gage height to a value of head is usually represented by the letter "e" and is termed the rating offset. 
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In the example just shown the rating will not be 
straight if gage height is plotted against discharge
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Presenter
Presentation Notes
If we developed a rating for the site shown on the previous screen by simply plotting gage height against discharge the rating would have a concave-upward shape. If, however, we subtracted the 1 ft offset (e) from the gage height, the relation plots as a straight line. It is important to recognize that gage heights are typically set to an arbitrary datum. To get a straight line, you need to plot head vs. discharge and NOT gage height vs. discharge. By now you should understand the difference between gage height and head.



IT’S EASY!!
A rating curve offset is simply a constant 
subtracted from the gage height so as to 

ensure a straight line when plotted on 
logarithmic paper.

Presenter
Presentation Notes
The  concept of an offset is presented here one more time here for emphasis…



Scale Offset
•The offset is usually represented by “e” in 
equations.

•Used to convert gage height to head

•Will produce ratings with one or more straight 
line segments. This will facilitate extrapolation 
and interpolation of rating curves.

•Can use gage height of zero flow (GZF) as first 
approximation of “e”. 

Presenter
Presentation Notes
Here is a final recap on scale offsets. Keep in mind that a rating may consist of several segments over the range of stage experienced at a site. Each one of these segments will likely have different controls, and therefore different offsets, associated with them.  This means that you could probably make the rating curve straight for that segment of the rating over which a particular control is effective.  We usually start by applying an offset that is close to the PZF, which means the low-flow end the rating will often be straight. As you get more sophisticated in the use of offsets and rating development you will learn how to use multiple offsets to straighten multiple segments of rating curves.



The gage height of zero flow (GZF) should be 
measured whenever possible!

[The PZF (point of zero flow) is the physical location of the deepest point on 
the control]

Gage Pool

Include velocity head

Deepest  point 
on control

Flow

Presenter
Presentation Notes
We hope you've seen how important the GH of zero flow is for estimating the scale offset for lower portions of rating curves. The GH of zero flow is also very important in shaping the lower ends of ratings because it represents the lowest possible discharge measurement.  For these reasons it is important to know a little about how to measure the GH of zero flow on a control. These two diagrams shows how the GZF should be measured when a section control is in effect. The GZF is determined by measuring the deepest point on the control and subtracting that measurement from the gage height. The pile up on the rod caused by the velocity head should be included in your reading. It is important to note that the location and value of GZFs will change periodically as channels scour and fill. You should, therefore, measure GZFs at every opportunity. 



You cannot measure the GH of zero flow 
when channel control is in effect

Flow

• Offset is the gage height of “effective zero flow”
• Not the gage height of some identifiable feature
• Usually determined by trial-and-error

Presenter
Presentation Notes
If we are dealing with a channel control (as shown in this picture) or section control of irregular shape, the value of e is the gage height of the effective GH of zero flow. The gage height of the effective point of zero flow is not the gage height of some identifiable feature on the irregular section control or in the channel but is actually a value  that is considered to be a  gage height that  preserves the concept of a logarithmically linear head-discharge relation. The effective point of zero flow is usually determined by trial and error. 



How do I figure out what the scale 
offset is for an existing rating?

1. Method 1 –
• G = g.h. at bottom (beginning) of log cycle
• N = 0.01 if the cycle is measuring hundredths of 

a foot, 0.1 cycle is measuring tenths of a foot, 
and so forth.

• e = offset = G-N
2. Method 2 –

• Select one complete log cycle on the gage-
height scale and pick off the upper and lower 
values of gage height. 

• e = offset = ((10 x lower value) – upper value)/9

Presenter
Presentation Notes
By now we hope you understand the value of having ratings that contain straight line segments. Such ratings produce more accurate interpolations and extensions. This screen lists two methods that can be used to determine scale offsets used for existing ratings. These will be discussed in the screens that follow.



The shape of the curve can tell you if 
the offset is too high or too low
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Presenter
Presentation Notes
This screen presents the effects of an incorrect offset. Too small an offset will result in a concave upwards rating . Too large an offset will result in a concave downwards rating. 



How to select the correct 
offset

1. Johnson’s method
A. Compute manually

2. Trial and error method 
A. Hand drawings
B. Can be done using program such as 

GRSAT

Presenter
Presentation Notes
From time to time you will want to determine the scale offset that can be used to straighten a rating. The two most commonly used methods are listed here. These methods will be discussed in the screens that follow. 



Johnson’s method can be used to find the scale 
offset
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Presenter
Presentation Notes
Perhaps the most traditional method used to determine scale offsets is Johnson's method. The method is shown here. Note that discharges Q1, Q2, and Q3 are equally spaced on logarithmic scales. Also note that Q3 is in the middle between  Q1 and Q2. 



Trial and error can be used to determine 
the scale offset
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Presenter
Presentation Notes
This screen presents results from the previous exercise, which shows  effects of incorrect scale offsets. A concave upward shape indicates that the offset used was too low. A concave downward shape indicates that the offset was too high. We mention this concept again because it can be handy when using the trial-and-error solution to find the correct scale offset.
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