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Foreword 

A new method has emerged from the Joint research program of the Dutch drinking water 

companies of 2011 for analysing and interpreting volume flow data for supply areas: 

Comparison of Flow Pattern Distributions (CFPD) method. After successful application of this 

method by KWR at PWN and Evides it was decided to develop a software tool for the 

application of this method by the drinking water companies themselves. Five Dutch 

companies, namely Dunea, Evides, PWN, Waternet and WMD, have made financial 

contributions to this development, which also is and will continue to be supported by 

Watershare®. The result of this development is the Network Flow Performance tool. This 

manual describes its background and use, and can therefore serve as both a starting point 

for its application and a reference work for regular use.  
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1 Introduction 

1.1 The CFPD method 

In the supply network there are a large number of factors that affect the flow rate of drinking 

water to a supply area. This can include a leak in the supply network, a different position of 

a valve, a change in water demand due for example to the arrival of a large volume customer, 

a holiday period or the installation of a water-saving shower head in all homes in a district. 

By continuously measuring the flow rate to a supply area, the water supply companies can 

determine time series of flow rate measurements. But what do these measurements say? 

How can we analyse and interpret them easily? Do changes occur in the flow patterns in a 

period? Can we say something about the causes of the changes? Should action be taken to 

deal with the changes, for example by detecting and repairing a leak? 

The CFPD method (Comparison of Flow Pattern Distributions) is a powerful tool that helps 

you analyse a large number of data from the volume flow measurements easily. These data 

may relate to a supply area of arbitrary size and period (multi-annual). With the results you 

can determine the time when a change occurs and you can decide on the nature of the 

change. Sometimes you will be able to explain the change in the light of known factors, such 

as the arrival of a large consumer or the repair of a leak, but sometimes you may also 

discover unknown factors, such as for example a new leak or unrecorded change in the 

network configuration. With some knowledge of the supply area you can then determine the 

cause of the change. Good records and external data on for example the weather are 

necessary for this. Then you can take appropriate action with this information, such as for 

example repairing a leak. 

In this manual we first explain the background to the CFPD method that you need to work 

with the method and to understand the results. After this we describe how you yourself can 

use the software belonging to the CFPD method to analyse the volume flow measurements 

for a random supply area. The name of the software tool is Network Flow Performance (NFP). 

1.2 Guide 

In chapter 2 we describe the background to the CFPD method. In this chapter we also show 

what results the CFPD method provides and how you can interpret these. In chapter 3 we 

then explain step by step how you can yourself work with the CFPD method. We explain the 

procedure of the CFPD method and the interpretation of the results further in chapter 4 with 

a number of examples. In Annex 1 you will find a glossary 
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The abbreviation CFPD stands for Comparison of Flow Pattern 

Distributions. It is a powerful tool for analysing a large number of 

measurements of the volume flow easily for the occurrence of changes 

and interpreting these. 
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2 Description of the CFPD method 

2.1 Introduction 

In this chapter we discuss the background to the CFPD method that you need to work with 

the CFPD method and to interpret the results. First we describe the basis of the CFPD 

method, then the method or procedure and finally the results. If you are interested in more 

background information then please refer to Van Thienen & Pieterse-Quirijns (2011) and Van 

Thienen (2013). 

2.2 Basis of the CFPD method 

2.2.1 Type of changes in flow patterns 

Within a supply area the shape of the flow rate over time, the flow pattern, will be very 

similar from one weekday to another. In Figure 2-1a this can be seen in the flow pattern 

over four weeks for a fictitious area. When you compare flow patterns with one another that 

are a long period of time apart, the total volume flow may have changed considerably, for 

example due to population growth or the occurrence of a leak. 

There are two types of changes: 

1. Consistent change 

In the case of a consistent change, the form of the flow pattern does not change. 

Figure 2-1b shows an example of this. This can include the consequences of 

population growth. If the composition of an area has not changed significantly as 

regards customers, but the size of the population has, then the form of the flow 

pattern will not be very different. However, the volume flow supplied will be bigger 

due to the population growth, which can be seen in the level of the peaks. The flow 

pattern is multiplied by a factor. This is a scaling factor. Figure 2-1b in the third 

week to the start of the fourth week shows a consistent change in the flow pattern. 

How big this factor is, cannot be seen properly at a glance. 

2. Inconsistent change  

In the case of an inconsistent change the form of the flow pattern changes. Figure 

2-1c shows an example of this. If in a period for example an increase in leakage 

occurs, due to the occurrence of new leaks or existing leaks becoming bigger, a 

(more or less) constant quantity of extra water is always supplied. The whole flow 

pattern will then move upward (to a higher volume flow). A certain factor is 

therefore added to the pattern, an shift factor. Figure 2-1c shows an inconsistent 

change in the flow pattern in the second week to the end of the third week. 

The population growth and the change in leakage are only one example of a consistent and 

an inconsistent change. There are of course other possibilities that lead to a consistent or an 

inconsistent change in the flow pattern. Table 2-1gives an overview of possible events in the 

supply area and the consequences of these on the flow pattern. The Table also shows 

whether the change in the flow pattern is a consistent or inconsistent change. 
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Figure 2-1 The flow rate in a fictitious supply area for four weeks: a) without change, b) with a consistent 

change, c) with an inconsistent change and d) with both a consistent and an inconsistent change. 

volumestroom = volume flow; tijd = time 

 

 

Changes in the supply of drinking water to an area can be broken down 

into two types: consistent and inconsistent changes. In case of a 

consistent change the form of a flow pattern does not change (e.g. due to 

population growth). An inconsistent change does, however, lead to 

change in the form of the flow pattern (e.g. due to a leak). 
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Table 2-1 Overview of examples of events that result in consistent and inconsistent changes in the flow 

pattern of a supply area.  

event aspect change comment 

Population size changes New district is built and 

populated 

 

 

 

Consistent in household 

part of existing pattern 

Assumption that 

behaviour is comparable 

with that of existing 

population 

 Holiday period consistent reduction in 

household part of 

existing pattern 

 

Fewer people present, 

but with same demand 

pattern 

 Seasonal visit of tourists Part consistent, part 

inconsistent 

Tourists probably have 

a comparable 

consumption pattern, 

but possibly not 

identical 

Hot period Shower/bathroom Combined effect: an 

increase with a big 

consistent component 

and a small inconsistent 

component in 

household demand 

Increased use of shower 

and bath 

 Washing Increased use of 

washing machine 

 Toilet use Same/reduction? 

 Kitchen Increase 

 Outside tap Inconsistent increase Typical pattern of 

garden watering 

 Air con Inconsistent increase  

Frost period Prevention of pipes 

freezing 

Inconsistent increase  

Change in network 

configuration (valve 

manipulation) 

 Consistent and/or 

inconsistent changes 

Depending on the local 

pressure differences 

Large consumer arrives 

or leaves 

 Inconsistent change Customer-specific 

demand pattern 

Leak New leak Inconsistent change  

 Repair of leak Inconsistent change  
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2.2.2 Place of the CFPD method in the assessment of flow patterns  

The above paragraph shows that by comparing flow patterns, you can get an idea of the 

types of changes that occur in the supply area (Figure 2-1a-c). However, if a combination of 

changes occurs, as in Figure 2-1d, it is more difficult to see what type of change occurs and 

when. This becomes even more difficult if you want to look at a longer period. The CFPD 

method was developed as a tool for this.  

How the CFPD method can be used is shown in Figure 2-2. The input of the CFPD method is 

a flow pattern (step 1). These data are analysed by the CFPD method in step 2. The method 

compares the flow patterns with one another and gives a block diagram as a result. From 

this block diagram you can read off whether a consistent (step 3) or an inconsistent (step 4) 

change occurs and when. How this works is explained later in this chapter. With a knowledge 

of the area and period the cause of the change occurring can be determined (with the help of 

Table 2-1 in step 5). The cause of the change may be known, such as a holiday period, the 

arrival of a large consumer, the change of a valve position. In addition, causes may also be 

unknown and so give insight into the network (step 6) because a new leak or an unrecorded 

change in the valves is identified. It is clear that a good interpretation of the consistent and 

inconsistent changes determined is only possible if you have sufficient knowledge of the 

supply area and events that occur in the period investigated. External data are required for 

this. This is discussed further in paragraph 2.5. 

 

Figure 2-2 Diagram of analysis and interpretation of flow patterns by the CFPD method. 
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2.3 Method/Procedure for comparing flow patterns in the CFPD method 

In this paragraph we explain the procedure of the CFPD method for data sets of equal length 

and for the situation in which the data sets differ in length. This is only intended as 

background information, because this is incorporated automatically in the CFPD software 

tool. 

2.3.1 Procedure for data sets of equal length 

The comparison of flow patterns with the CFPD method includes a number of steps that are 

shown in Figure 2-3: 

Step 1: take two time series of the volume flow from the same supply area for different 

periods or for different but comparable supply areas for the same period. It does not matter 

what the time step of the time series is, as long as the length of the two time series is the 

same (Figure 2-3a and b). You can then compare a time series of a day with one data point 

per fifteen minutes with a time series of 2 days with one data point per half hour. 

Step 2: take the volume flow of the data sets and sort them from low to high (Figure 2-3c 

and d). Scale the sequence numbers of the measurements, so that they are all between 0 and 

1. 

Step 3: plot these sets against one another in a graph, with on one axis the sorted volume 

flow of time series 1 and on the other axis the sorted volume flow of time series 2 (Figure 

2-3e). We call this graph a CFPD diagram. For the curve presented a linear fit is determined. 

This line gives information on whether the time series differ from one another and what type 

of change is the reason for this: 

 the slope a is equal to the scaling factor of a consistent change 

 the y-axis intercept b is equal to the shift factor of an inconsistent change 

By carrying out a fit (linear least square fit) on the line you immediately get the values for the 

slope a and the intercept b. 

In Figure 2-3 the value for a = 1.3. This means that there is a consistent change of 30%. This 

can be explained for example by a 30% higher consumption by more consumers. b is in this 

example equal to 5.6 m3/h. There is therefore an extra constant consumption of 5.6 m3/h, 

for example due the presence of a leak. 
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Figure 2-3 CFPD procedure for data sets of equal length.  

 

The CFPD method does not therefore look at the daily patterns in themselves, but at the 

variation in the volume flows that occur in a period. The CFPD method does not see whether 

the highest volume flows occur in the mornings or in the evenings. Water consumption is 

stochastic (it varies per day), but not completely unpredictable. By leaving the exact times of 

consumption out of the analysis, it is easier to compare patterns. As a result the CFPD 

method can determine deviations well, apart from the stochastic variations. 

2.3.2 Procedure for data sets of unequal length  

It may happen that the time step or duration of the two time series that you want to compare 

with one another with the CFPD method are not equal. The data sets will then not be of equal 

length. The procedure of the CFPD method then follows the same steps as in the previous 

paragraph, only an extra process is carried out between step 2 and step 3: resampling. In 

this step one of the data sets is resampled, so that in the end both data sets contain an 

equal number of points. 

Figure 2-4e shows how the resampling proceeds. In the zoomed in part, the bottom line 

contains 4 data points and the top line contains 11 data points, because this comes from the 

time series corresponding to the longer period. For the x-coordinate of each point of the 

bottom curve the top curve is now read out (blue points). These blue points are then the new 

volume flow points in the resampled data set. If there is no measurement on this x-

coordinate, this is created by linear interpolation between the two closest measurements. 

This procedure ensures that the number of points in the new resampled data set of the top 

line is equal to the number of points in the bottom line.  

After resampling the last step of the CFPD analysis can be carried out. 
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Figure 2-4 CFPD procedure for data sets of unequal length. 

 

2.3.3 Meaning of characteristic values for a and b of CFPD diagram 

The CFPD diagrams have a number of characteristic properties that help in the interpretation 

of a CFPD analysis. These properties are shown in Figure 2-5: 

1. Identical (Figure a and b) 

If two flow patterns are exactly the same this gives a CFPD diagram with a straight 

line, the slope of which is equal to 1 (a = 1) and the intercept is equal to 0  

(b = 0 m3/h) 

2. Shift or inconsistent change (Figure c and d) 

If two patterns are identical, but have shifted with respect to each other by a 

constant amount, for example due to a leak that has occurred, this gives a CFPD 

diagram with a straight line, the slope of which is equal to 1 (a = 1) and the 

intercept is greater than 0 (b > 0 m3/h). The value of b is equal to the size of the 

shift or inconsistent change. 

3. Scaling or consistent change (Figure e and f) 

If two patterns correspond to areas with the same consumption pattern, but where 

the second is linked with a greater population size compared with the first, this 

gives a CFPD diagram with a straight line, the slope of which is greater than 1  

(a > 1) and the intercept is equal to 0 (b = 0 m3/h). The slope a is the slope between 

the two population sizes that correspond to the two patterns. The value of a then 

gives the size of the consistent change. 

4. Local change (Figure g and h) 

If two patterns are identical for part of the day and differ from one another for part 

of the day, this gives a CFPD diagram in which the line is no longer straight. In some 

places the line has, locally, a slope of 1 (a = 1) and the intercept of 0 (b = 0 m3/h). 

In other places the line deviates from this. Which parts are the same and which 

deviate depends entirely on the characteristic volume flows in the two patterns at 

the times that they are identical or deviate. 
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Figure 2-5 Properties of a CFPD diagram: a) two identical time series (full overlap is shown with 

alternation of black and red) give a straight line in the CFPD diagram with a slope a = 1 and an intercept  

b = 0; b) a continuous increase in the volume flow (black) with respect to the original pattern (red), for 

example due to a leak of 10 m3/h, gives a shift of the line in the CFPD diagram by the same amount, the 

intercept b = 10 m3/h; c) a scaling of the original pattern with a factor, for example due to a 10% 

increase in the population, results in an increase in the slope of the line in the CFPD diagram by the same 

factor a = 1.1; d) changes in the sales pattern that only occur for part of the day, are visible in the CFPD 

diagram as local deviations from the ideal straight line. 

 

Table 2-2 summarises the characteristic values for the slope a and the intercept b and the 

corresponding changes in the flow patterns. Events that may lead to these changes are 

shown in Table 2-1. 

 

The comparison of two flow patterns in the CFPD method gives a CFPD 

diagram with a slope a and an intercept b. The values of these directly 

indicate whether the time series differ from one another and what type of 

deviation is the cause of this. If two flow patterns are identical, a is equal 

to 1 and b equal to 0. If a deviates from 1 this means that a scaling or 

consistent change has occurred. If b deviates from 0 a shift or an 

inconsistent change has occurred. 
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Table 2-2 Interpretation of CFPD diagram results (slope a and intercept b) with respect to consistent and 

inconsistent changes. 

 b = 0 b > 0 b < 0 

a = 1 

 

No change in flow pattern 

(identical) 

Constant increase in 

volume flow that does not 

follow the established 

pattern (shift or 

inconsistent increase) 

Constant reduction in 

volume flow that does not 

follow the established 

pattern (shift or 

inconsistent reduction) 

a > 1 

 

Increase in water 

demand/volume flow that 

follows an established 

pattern (scaling or 

consistent increase)  

Combination of increase in 

volume flow according to 

an established pattern 

(scaling or consistent 

increase) and an increase 

that does not follow the 

established pattern (shift or 

inconsistent increase)  

Combination of increase in 

volume flow according to 

an established pattern 

(scaling or consistent 

increase) and a reduction 

that does not follow the 

established pattern (shift or 

inconsistent reduction) 

a < 1 Reduction in volume flow, 

that follows an established 

pattern (scaling or 

consistent reduction) 

Combination of reduction 

in volume flow according to 

an established pattern 

(scaling or consistent 

reduction) and an increase 

that does not follow the 

established pattern (shift or 

inconsistent increase) 

Combination of reduction 

in volume flow according to 

an established pattern 

(scaling or consistent 

reduction) and a reduction 

that does not follow the 

established pattern (shift or 

inconsistent reduction) 

 

2.4 CFPD block analysis for long time series 

The CFPD diagram is particularly interesting if it is known that volume flows differ from one 

another in different periods or areas. Normally you will use the measurements to investigate 

whether a change has occurred and when. For this reason the CFPD method is used in a so-

called block analysis, with which a long time series can be analysed.  

2.4.1 Presentation in block diagram 

The CFPD block analysis divides a long time series of flow rate measurements into sub-

periods of equal duration. The sub-period can be one or more days, a week, a month, a 

quarter or a year. Then each sub-period is compared via a CFPD analysis with every other 

sub-period in the time series. Each comparison gives a slope a and an intercept b.  

In Figure 2-6 you can see an illustration of the CFPD block analysis and how the results are 

presented in a block diagram. A table is created in which each sub-period (in this case a 

week) is set against every other sub-period. For each combination a CFPD analysis is carried 

out. In Figure a you can see a CFPD diagram for each combination. For comparing week 2 

with week 3 the slope a and the intercept b are also presented. Note that comparing period 2 

with period 3 gives the same result as comparing period 3 with period 2 with the opposite 

signs for a and b. For this reason only the right upper triangle of the table is filled in.  

The a values found are set out in a new table entitled slope (Figure 2-6b), where a colour 

value shows the degree of deviation from 1: blue for values of a < 1 and red for values of a 
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> 1. The intensity of the colour shade indicates how big the deviation is: a light shade is a 

small deviation, a bright shade is a big deviation. In the bar at the bottom of the table are 

the values for a corresponding to the colour values. 

The b values found are also set out in a table entitled intercept (Figure 2-6c). Here a colour 

value indicates the degree of deviation from 0: blue for values of b < 0 and red for values of 

b > 0. The intensity of the colour shade indicates how big the deviation is: a light shade is a 

small deviation, a bright shade is a big deviation. In the bar at the bottom of the Table are 

the values for b corresponding to the colour values. 

Finally, in the same type of table the standard deviations of the values obtained for a and b 

are shown (Figure 2-6d). The standard deviation gives the uncertainty in the determination 

of factors a and b, because the CFPD curve deviates from an ideal straight line. The CFPD 

diagrams for example in Figure 2-5b, d and f are a straight line. Here a and b can therefore 

be accurately calculated. The standard deviation is then zero. The line in the CFPD diagram 

of Figure 2-5h deviates from a straight line. As a result, a and b cannot be calculated exactly. 

A straight line (- - - ) is drawn that approximates to the CFPD curve. The standard deviation 

in a and b will then be greater than zero. 

The magnitude of the standard deviation therefore says something about the quality of the a 

and b factor calculated. A high standard deviation means that there is a big deviation from a 

real straight line and that the calculated value for a and b is not accurate. There may be two 

reasons for this: 

1) A process occurs that cannot be described by a shift, scaling, or combination of 

these.  

2) A change occurs in the supply, but the period of this is smaller than the analysis 

period. By zooming in and reducing the analysis period (for example from week to 

day) the change can be found. 

When the block diagram of the standard deviation shows a deviation, this is a reason for 

looking more closely at this period, by looking at the CFPD curve itself or zooming in and 

carrying out the CFPD analysis on a smaller timescale. 

 

 

Figure 2-6 Illustration of CFPD block analysis: a) Comparison using the CFPD procedure of each sub-

period (week) with every other sub-period. b) Presentation of the a values found for these comparisons. 

c) Presentation of the b values found for these comparisons. d) Presentation of the standard deviations 

corresponding to the a and b values for these comparisons (bottom left: a, right top: b). 
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In the CFPD block analysis the CFPD method is carried out for each sub-

period in a long time series of volume flow measurements. By the colour 

shading in block diagrams the CFPD block analysis gives insight into the 

time of the change, the type of change and the size of the change. 

 

 

2.4.2 Interpretation of block diagram 

The block diagrams with slope a, intercept b and the standard deviations help you identify 

changes in the flow patterns and assess what type of change is involved. We discuss the 

interpretation of the block diagrams for a number of characteristic situations. 

 

Situation 1: no changes in supply (Figure 2-1a) 

The block diagram that corresponds to a situation in which every day exactly the same 

quantity of water is supplied can be seen in Figure 2-7. In the block diagram you can clearly 

see the pattern of 5 weekdays and 2 weekend days. The flow pattern is exactly the same for 

each weekday (a =1 and b = 0), but it differs from the weekend days. Over the weekend 

water consumption is different: both a consistent and an inconsistent change can be seen. 

The blocks in which the weekend days are compared with one other also have an a =1 and b 

= 0. The supply on the weekend days is therefore also exactly the same. Of course the 

supplies differ slightly from one other on each weekday, for example due to an extra wash 

or shower and also each weekend day is slightly different. The block diagram that 

corresponds to this and where no other changes occur, can be seen in Figure 2-8. Here too 

you can see the week and weekend pattern, with a little noise over this as a result of these 

chance events in individual households. 

The diagram with the standard deviations shows the same pattern: for the combination 

weekday/weekday and weekend day/weekend day the standard deviation is 0. After all, the 

CFPD curve is then a straight line. For the combinations in which a weekday and a weekend 

day are compared with one another the standard deviation is greater than zero because the 

CFPD curve then deviates from a straight line. 
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Figure 2-7 CFPD block analysis of a flow pattern where on each weekday and each weekend day exactly 

the same quantity of water is supplied (sub-period is 1 day). 

 

 

Figure 2-8 CFPD block analysis of a flow pattern, in which supply per day varies slightly, without big 

changes (sub-period is 1 day). 

 

Situation 2: a consistent change in supply (Figure 2-1b) 

The block diagram of a flow pattern in which a consistent change occurs can be seen in 

Figure 2-9. A consistent change can be found by a change in the value for a (the slope). It 

follows from the CFPD block analysis that a changes from the normal value from 17 to 24 

February. The size of the change is on average 20%, because a in this block is on average 1.2. 

This period can also be seen in the flow pattern of Figure 2-1b. Nothing changes in the value 

for b, the intercept. This means that there is no inconsistent change. With the help of Figure 

2-2 you can find out what has caused this change. The Figure shows that consistent changes 

may be caused by migration, a holiday period, the weather, changes in the network 

configuration. By looking at knowledge or external data for the supply area and the period 

(weather data, holiday planning, records, etc.) the cause can be determined or excluded. 

There may possibly have been a holiday in this period. 

The diagram with the standard deviations shows the same weekday/weekend day pattern 

and there are no extra deviations. 
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Figure 2-9 CFPD block analysis of a flow pattern with a consistent change from day 16 to day 23: a) no 

variation in supply between days and b) supply varies slightly per day. 

 

Situation 3: an inconsistent change in supply (Figure 2-1c) 

The block diagram of a flow pattern in which an inconsistent change occurs can be seen in 

Figure 2-10. An inconsistent change can be discovered by a change in the value for b (the 

intercept). It follows from the CFPD block analysis that b deviates from the normal value 

from 12 to 21 February. The extent of the change is 20 m3/h, because the value of b is 

around 20. After this period you see a blue block in the block diagram with the value for b = 

-20. In this block a day in the period with an inconsistent change of 20 m3/h is compared 

with a day in which the pattern is normal again. This block shows that there is a recovery 

from the inconsistent change.  

The period of the inconsistent change can also be seen in the flow pattern of Figure 2-1c, in 

which you see a shift in the flow pattern in this period. Nothing changes in the value for a, 

the slope. This means that there is no consistent change. With the help of Figure 2-2 you 

can find out what has caused this change. The Figure shows that inconsistent changes may 

be caused by the weather, changes in the network configuration, the arrival or departure of a 

large consumer, a leak occurring or a repair of a leak. By looking at knowledge or external 

data of the supply area and the period (weather data, records, etc.) the cause can be 

determined or excluded. A leak may possibly have been found and repaired.  

The diagram with the standard deviations shows the same weekday/weekend day pattern 

and there are no extra deviations. 

 

a) 

b) 
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Figure 2-10 CFPD block analysis of a flow pattern with an inconsistent change from day 11 to day 20: a) 

no variation in supply between days and b) supply varies slightly per day. 

 

Situation 4: a consistent and an inconsistent change in supply (Figure 2-1d) 

In the flow pattern of Figure 2-1d you can clearly see that something changes, but you 

cannot easily determine what type of change occurs and when this change occurs. You can 

now use the CFPD method as a tool for answering these questions. In Figure 2-11 you can 

see the block diagram corresponding to the flow pattern of Figure 2-1d. You can 

immediately determine the time of change and the type of change, namely a consistent 

change (in a) from day 16 to 23 and an inconsistent change (in b) from day 11 to 20. 

The diagram with the standard deviations shows the same weekday/weekend day pattern 

and there are no extra deviations. 

 

a) 

b) 
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Figure 2-11 CFPD block analysis of the flow pattern in Figure 2-1d with a consistent change from day 16 

to day 23 and an inconsistent change from day 11 to day 20: a) no variation in supply between days and 

b) supply varies slightly per day. 

 

Situation 5: several changes in flow pattern (the role of standard deviation) 

In practice all sorts of changes occur in the supply area, of short and long duration. The 

example in situation 5 shows how the CFPD block analysis helps you analyse and interpret 

the changes in terms of changes in water demand, leakage loss or network configuration 

(valve position). 

We have created a flow pattern of 8 weeks, in which we included a number of changes: 

 a scaling with a factor 0.9 from day 15 

 a constant increase in the volume flow of 5 m3/hour from day 32 

 a short extra increase of 20 m3/hour from 20:00 on day 52 to 8:00 on day 53 

In Figure 2-12 you can see the result of the CFPD block analysis, if you carry this out on a 

weekly basis. In the Figure the first two deviations can be easily found. Only the start times 

and duration are difficult to determine. The third deviation is also present but less clear. The 

block diagram with the standard deviations shows two periods with a big standard deviation. 

There may be two reasons for this: either a process occurs that has a non-linear effect on 

the flow pattern, as a result of which the linear fit is not good, or a change occurs with a 

timescale of less/shorter than a week. This is why we carry out the CFPD analysis once more, 

but then on a daily basis. The result of this can be seen in Figure 2-13. Here you can clearly 

see the regularly recurring differences between weekdays and weekend days. In addition, the 

deviations laid down can again be clearly identified and now also easily dated. Only the third 

deviation, that has lasted less than a day, does not lead to a clear determination or deviation 

in both a and b on both days (day 52 and 53). This is a reason for looking in more detail at 

the data themselves.  

a) 

b) 
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Note that in case of deviations that last for less time than the comparison period (and in 

general in case of deviations that show a big standard deviation) the figures read off from 

the block diagrams are less reliable.  

 

 

Figure 2-12 CFPD analysis and interpretation of a flow pattern of 8 weeks, with a comparison period of a 

week. 

 

 

Figure 2-13 CFPD analysis and interpretation of a flow pattern of 8 weeks, with a comparison period of a 

day. 

After the application by the CFPD block analysis the deviations and their properties are 

determined, namely the type of change, start time and duration. Then they can be 

interpreted in terms of events in the supply area (for example holidays) and the network (for 

example valve manipulations or leaks). You can use the information from Table 2-1 for this.  

 

2.4.3 Timing correlation diagram 

In addition, to the block diagrams for the slope a and the intercept b the CFPD tool 

determines for each combination a timing correlation diagram This diagram looks for each 

combination of volume flows from the two time series, which together form a point on the 

CFPD curve, at the times when these volume flows occurred. The times are plotted in the 

diagram, with on one axis the time in time series 1 and on the other axis the time in time 

series 2. If two days are compared with one another where the supply is exactly the same, a 
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certain volume flow on day 1 is reached at the same time as on day 2. The timing correlation 

diagram is therefore a straight line (see Figure 2-14a). In case of a consistent change the 

form of the supply does not change, but the volume flow is increased by a factor. The night 

supply, the night consumption will therefore be comparable. This means that at early times 

the volume flow is the same, but in the course of the day the volume flows will no longer be 

reached at the same time. In Figure 2-14b you can see an example of this. The line in the 

timing correlation diagram is the same as in Figure a for the times in the early morning. 

After this the diagram deviates from this straight line. In case of an inconsistent change the 

flow pattern as a whole shifts upwards. The timing correlation diagram then deviates at each 

time from the straight line. This can be seen in Figure 2-14c. 

The timing correlation diagram therefore gives insight into the times when the same volume 

flow is reached. If it is a straight line, the flow patterns are the same. If the points deviate 

from the straight line, the diagram indicates the times when a different volume flow is 

reached and the times when the pattern is therefore different. You can also use this diagram 

to filter data. This functionality will possibly be added to the CFPD tool in the future. 

 

   

   

Figure 2-14 Timing correlation diagram for a combination in the CFPD analysis: a) with the same flow 

pattern; b) a flow pattern with a consistent change; c) a flow pattern with an inconsistent change. 

 

2.4.4 Quality estimate with a vs b  

It is important to know to what extent results of the CFPD block analysis are of good quality. 

You can make a quality estimate using the so- diagram. A diagram is made of 

the whole CFPD block analysis, therefore for each combination of a and b, with on the 

horizontal axis the a and on the vertical axis the b. With this graph you can determine 

whether a and b are independent of one other. If a and b are independent they can be 

calculated accurately from the CFPD diagrams. Figure 2-15 shows different  diagrams 

with a different quality estimate of the CFPD analysis: 

a) Figure 2-15a shows a situation in which the correlation between a and b is strong. 

There may be different reasons for this. If few other changes are present in a 

volume flow time series, a very common reason is the difference between weekdays 

and weekend days, where a is greater than 1 for weekend days compared with 

weekdays and b less than 0. In Figure 2-8 you can see for example that a big value 

for a is always accompanied by a small value for b (on the vertical paths) or a small 

value for a with a big value for b (on the horizontal paths). If you plot this in an 

-diagram you get the graph in Figure 2-15a. 

b) 
a) 

c) 
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In the case of big changes, the most obvious reason is that the major part of the 

change found is caused by a process that gives rise to both consistent and 

inconsistent changes. An example of this is big consumption for part of the day (see 

Figure 2-5h). 

b) Figure 2-15b shows a situation in which a and b are uncorrelated. The value for a 

and b can be calculated accurately from the CFPD diagrams. In this case the 

consistent and inconsistent changes can therefore be properly attributed to 

different, independent mechanisms. The quality of the CFPD block analysis is high. 

c) Figure 2-15c shows a situation in which there is clearly a correlation between a and 

b, but in which an inconsistent change has split the scatter diagram into two 

different groups. In spite of the strong correlation between a and b the data set can 

give insight into a CFPD analysis. 

The  diagram therefore helps you discover whether a strong correlation is present 

between a and b. If for some reason there is a strong correlation between a and b 

in the data, it becomes somewhat more difficult to distinguish deviations in the 

block diagrams. 

 

 a)  b)  c)  
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a [-] 

Figure 2-15 a-b diagrams for different CFPD block analyses. a) Strong correlation between a and b is 

suspected. b) Lack of correlation between a and b indicates independence of the processes responsible 

and suggests a good data quality. c) In a data set with strongly correlated a and b two different 

populations can be clearly identified. 

 

 

The quality of the CFPD block analysis follows from the standard 

deviation in the slope a and the intercept b. A deviation in the block 

diagrams or a big value of the standard deviation means that a and b 

have not been calculated accurately. It may also mean that zooming in on 

the CFPD block analysis to a smaller timescale is necessary, because the 

change occurring is of shorter duration than the analysis period.  

The quality also follows from the diagram. In the case of a big 

correlation between a and b it is more difficult to calculate a and b 

separately/independently from one another. 
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2.5 External data required for interpretation of CFPD diagram 

The CFPD tool helps in determining the time and the type of deviations or changes in the 

volume flow measurements. To link the change determined from the CFPD analysis with 

events that have occurred (via Figure 2-2), in short for a final interpretation, external data 

are vital. These data describe the events in step 5 in Figure 2-2.  

In addition to carrying out the CFPD method on measurements of the volume flow it is 

therefore necessary to collect external data. Table 2-3 sets out a number of examples, 

including sources of these data.  

The interpretation of the results of the CFPD method stands or falls with good recording of 

other data. 

 

 

 

 

 

Knowledge in the form of external data from the supply area for the 

period of the volume flow measurements is necessary for the final 

interpretation of the changes demonstrated with the CFPD analysis. 

 

 

Table 2-3 External data that are necessary for a good interpretation of the results of the CFPD analysis. 

Event at  in 

Figure 2-2  

 

External data required Source 

Migration CBS data: 

population size 

 

National statistics agencies 

 

Holiday period Holiday planning region 

 

 

 

 

Data on tourist numbers 

 

Specialized websites, government info 

National statistics agencies 

Tourist office of relevant municipality or region 

Various events calendars 
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Events diary 

 

Weather KNMI data National weather agencies 

 

Metering problems 

 

 Company-specific records 

 

Network 

configuration 

Records of valve manipulations 

Recording work 

 

Company-specific records 

Company-specific records 

Large consumers 

 

Metering big customers Company-specific records 

Leak repair Leak record Company-specific records 
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3 Working with the CFPD block 

analysis: CFPD software tool 

3.1 Introduction 

In this chapter we describe how you can work with the software tool for the CFPD (block) 

analysis yourself to analyse a measurement series to identify and interpret changes. First we 

describe how you can start up the software tool and how you can upload, amend and delete 

data sets of measurement data. We then explain how you carry out a CFPD analysis, what the 

results look like and how you can zoom in on certain periods. Finally we describe an extra 

functionality in the software, namely adding consistent and inconsistent changes to your 

measurement data yourself and so create and analyse manipulated data sets. We conclude 

this chapter with the procedure for printing out or saving the results of the CFPD analysis. 

 

3.2 Start-up 

The software tool for the CFPD block analysis can be started up via the Watershare website 

(http://www.kwrwater.nl/Watershare/). To use the tools you need log-in data that you can 

enter at the top right (Sign in). After logging in you select of leakage, demand and 

 You now come to the environment with information on the CFPD block analysis, 

such as the manual , in-depth background information ( references ), training  and 

examples of application of the tool in practice ( cases ). To work with the tool you select the 

 button. 

You now come to the start screen of the CFPD software tool (Figure 3-1). In all the screens in 

the CFPD software tool ) and ) are visible. By clicking 

on these you go back to this start screen.  

) is also visible in all the screens. With this function you exit the software tool. 

The browser session is properly closed. If you do not close it properly this may cause 

problems when a new user logs in on the same computer. 

 

Figure 3-1 The start screen of the CFPD software tool. 

http://www.kwrwater.nl/Watershare/
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3.3 Uploading, editing and deleting data sets 

3.3.1 Uploading data sets 

The data with which a CFPD block analysis is carried out are measurements of the volume 

flow over a certain period. The files therefore contain a column with times and one or more 

columns with the measured volume flow. What should the files look like?: 

a) It is a csv- (comma separated value) or an xls/xlsx file. The separator in the csv file 

between the time and the volume flow is a comma. The Excel file may consist of 

several sheets. On each sheet the time is always in column A. The volume flow may 

be in any column. You have to indicate at a later time the sheet and column to 

which the CFPD analysis relates, as described in paragraph 3.3.2. 

b) The unit of volume flow must be m3/h.  

c) Volume flows in several columns can be combined (see 3.3.2). 

d) The date format for csv files is the so-called Excel serial date. You can convert 

normal dates in Excel into a serial date by selecting the column and right mouse 

clicking on You then general a.m. on 03-02-2009 for 

example corresponds to the serial date 39847.125. Note that the decimal separator 

is a full stop. 

The Excel file may have any arbitrary date formatting. 

e) When the columns in the data set have a label or a name you must give that. You 

can read about this in paragraph 3.3.2. 

f) When using several data sets the data files do not have to have the same length or 

time step. A data set of two weeks with a measurement every 5 minutes can be 

compared with a data set of 6 weeks, in which the volume flow is measured every 

hour. 

g) The CFPD software tool is known to give good results for supply areas with more 

than 50 connections. The CFPD software tool can be used for smaller supply areas, 

but the results are more difficult to interpret.  

h) Good results have still been achieved with data sets with 1 data point every 4 hours.  

 

 

To upload data you click on the +UploadFile   button in the start screen (Figure 3-1). The 

following pop-up screen then appears (Figure 3-2). 

 

Figure 3-2 Pop-up screen for uploading files. 
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You can now upload data sets in two ways: 

1 V by dragging a file from Explorer to here it is put in a list of 

files to be uploaded. You can drag several files at a time. 

2 file when you select this option you get an Explorer menu in which 

you can go to the location of the files and select the files to be uploaded. You 

can select several files at a time and put them in the list . 

An example of a list of files that you want to upload can be seen in Figure 3-3. The screen 

now indicates the number of files that are present in the list and can be uploaded 

It also indicates for each file how big the file how far the file has already 

been uploaded (colour of the bar whether uploading has been completed 

successfully (tick next to and two buttons. Here you can select whether you really want 

to upload the data set ( ) or delete it from the list ( ). 

You can upload the files one by one with the  button or all the files together with the 

 option (Figure 3-2 and Figure 3-3). You can delete all the files from the list at 

once with the option   

The bar next to indicates how far uploading of the files has progressed. 

When the required files have been uploaded, you click on the cross in the top right corner (in 

red circle in Figure 3-3) or use the key on the keyboard. This takes you back to the 

start screen, where the uploaded files can then be seen in a list (Figure 3-4). The uploaded 

files remain in the list when closing the program. 

 

 

Figure 3-3 Example of a list of files to be uploaded in the here the first file has 

been successfully uploaded. 
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Figure 3-4 Example of the start screen after uploading the data sets. 

 

The start screen now gives for each uploaded file the position in the list the name 

the size  and two options: 

: carry out CFPD block analysis with the data set. This is described in paragraph 3.4. 

: edit the data sets. This is described in paragraph 3.3.2. 

 

3.3.2 Editing data sets 

For each file in the list a number of properties or settings can be edited via  after the 

name of the required file. If you click on this, you get a pop-up screen with  

(Figure 3-5).  

In the first F are different properties such as the original name of the file 

the name of the file as shown in the list description and two dates, 

the date on which the file was last modified and the date on which the 

file was created In this tab you can change the name of the file and add 

a description of the data. Note that this is only saved if you press S at the top of the 

screen.  

In the second tab, requirements for the CFPD analysis can be entered for the 

measurement data to be used in the data sets (Figure 3-6). It is not necessary to fill in this 

tab. The CFPD tool assumes as standard that in an Excel file the time is in column A and the 

volume flow in column B. For a csv file the CFPD tool uses all the data in the file. For 

you can select the following options: 

 n this line you can indicate which sheet in the Excel file must be 

used in the CFPD block analysis. This option is only possible for an Excel file. 

 this line only appears if an Excel file is used as an input. In this line you 

can indicate whether the columns in the data set have a title or label. If the data set 

on the first row begins immediately with the data, you select  here. If the first row 

contains a title you here. 

  this is the number of rows that must be skipped in the data set before 

data are shown. After the carrying out a CFPD block analysis you can select the 

required time period in the flow pattern. This is explained in paragraph 3.5.1. 
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 this line you can indicate which column must be used for the 

volume flow data. You can enter here the letter of the column in the Excel file. It is 

also possible to add or subtract columns, for example if the volume flow in a supply 

area is equal to the incoming volume flow measured at two locations less the 

outgoing volume flow at a third location (e.g. B+C-D). This option is only possible 

in an Excel file. 

 for both an Excel file and a csv file in this line 

you can choose the analysis period of the CFPD block analysis. The CFPD block 

analysis divides a long time series of volume flow measurements into sub-periods 

of equal duration. The sub-period can be a day, a week, a month, a quarter or a 

year. Then each sub-period is compared via a CFPD analysis with every other sub-

period in the time series. In this line you select the analysis period by selecting a 

number (from 1 to 7) in the first block and in the second block the sub-period (day, 

week, month, quarter or year). It is not necessary to make a choice here. The CFPD 

software tool itself selects a sub-period based on the data. In the presentation of 

the results of the CFPD block analysis you can modify the required analysis period 

on the basis of the block diagram and carry out the block analysis again (see for this 

paragraph 3.5.1). 

 

Note that the new settings are only included in the CFPD block analysis if you click on  

S  at the top of the screen. 

 

With the third G tab a CFPD block analysis is carried out immediately and the screen 

pops up with the results of the CFPD block analysis. This tab is the same as the  button 

that is in the start screen after the name of the data set (Figure 3-4). 

 

 

Figure 3-5 Example of the pop-up screen after selecting , in which properties of the 

data set and the CFPD block analysis can be modified. 
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Figure 3-6 Example of the tab within the pop-up screen after selecting , in 

which requirements for the CFPD analysis can be indicated. 

 

3.3.3 Deleting data sets 

You can delete a data set from the list of uploaded data sets in the start screen by clicking 

on  after the name of the required file (Figure 3-4). In the pop-up screen with the 

 that then appears, you see at the top two buttons: &  (Figure 3 5). 

On selecting the , a new pop-up screen (Figure 3-7) appears. By then 

selecting    you can delete the required data set.  

 

 

Figure 3-7 Example of the pop-up screen to delete a data set from the list on the start screen. 

 

3.4 Carrying out CFPD block analysis 

3.4.1 Carrying out CFPD block analysis of one file 

You can carry out a CFPD block analysis of a data set by clicking on  after the name of the 

required data set. The CFPD software tool then immediately carries out a block analysis over 

the whole time period in the data set. The software tool uses an analysis period that best 

suits the data. If you already have requirements beforehand for the analysis period or for the 
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data to be used (such as a column in the Excel file) in the CFPD block analysis, you can enter 

this as described in the previous paragraph 3.3.2. 

 

3.4.2 Carrying out a parallell comparison of the CFPD block analysis of several files 

When you are investigating several data sets, for example for different periods or different 

districts, it can be useful to compare results of the separate CFPD block analysis per data set 

with one another. We call this a parallel comparison of the CFPD block analysis. This sets the 

results of each CFPD block analysis next to one another and therefore gives an idea of where 

the data sets differ from one another or agree with one another. You can then e.g. determine 

whether a change corresponds specifically to a certain period or area (e.g. a leak) or is 

present in both (e.g. a holiday period). This helps in the interpretation of the events. 

You can carry out a parallel comparison of the CFPD block analysis with several files. In the 

start screen of the CFPD software tool you select the data sets that you want to compare 

next to one another by ticking the boxes next to the required data sets ( in Figure 3-8). 

Then click on ( in Figure 3-8). Two options then appear. For the parallel 

comparison select the first option  In the screen that then pops up (Figure 

3-9) you can indicate requirements relating to: 

a) this is the length of the time period over which the 

comparison must be made. You can choose between ,  

and . If the measurement data in the data sets relate to a year and you 

, then for each month in that year you are shown a comparison 

of the block analyses. If the measurement data relate to a month and you select 

monthly then you are shown a comparison of the block analyses for that month. If 

you select weekly, then you are shown for each week in that month a comparison of 

the block analyses. 

The measurement data in the data sets must relate to the same period. 

b)  here you select the analysis period of the CFPD block analysis. 

In this line you select the analysis period by selecting a number (from 1 to 7) in the 

first block and in the second block the sub-period (day, week, month, quarter or 

year). If you select a week as the sub-period, then in the CFPD block diagram 

combinations of weeks are made: week 1 is compared with week 2, etc. If you select 

a day as the sub-period, then a CFPD analysis is carried out per day. 

When you have entered the required settings, you click on   . The parallel 

comparison of the CFPD block analyses is carried out and shown in the same screen.  
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Figure 3-8 Start screen for carrying out a parallel comparison between a number of data sets. 

 

Figure 3-9 Settings screen for carrying out a parallel comparison between a number of data sets. 

 

3.4.3 Carrying out CFPD analysis of two data sets 

So far a CFPD block analysis is always carried out with the measurement data that are 

present in one data set. It is of course also possible that you want to carry out a CFPD 

analysis between the measurement data in two data sets, e.g. measurement data that relate 

to different years. You can then look at whether changes have occurred in the same area in 

the course of time. This can include a renovation of the district or the presence of a leak. 

If you want to carry out the CFPD analysis between two files, e.g. between measurement data 

in the same period but in different years or between two different supply areas, you first 

select the required data sets and then after pressing                 (Figure 3-8), you select the 

second option . The CFPD analysis is then carried out immediately. 

 

3.5 Results of the CFPD analysis 

3.5.1 Results of CFPD analysis in one data set 

The CFPD block analysis splits the screen into two parts: the top section with the title 

and the bottom section with the title  

Flow data  

In Figure 3-10 you can see an example of the top section of the screen, after carrying out a 

CFPD block analysis. This section shows the flow pattern based on the data in the data set. 

On the vertical axis you can see the volume flow, in the unit as present in the data set and 

on the horizontal axis you can see time. You can now carry out a number of actions to look 

at your data better or to modify them: 
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a) Changing properties in the data set, by clicking on  after the name of the file ( 

in Figure 3-10). You then come to the screen with  that is explained 

in paragraph 3.3.2 on page 32. After changing the properties in the file, you select 

and the Graphs tab to make the changes in the CFPD analysis. Note that in 

this way you are making changes to the default of your data set. 

b) Zooming in on a certain period: 

a. Manual entry of the dates for the required period ( in Figure 3-10). You 

can enter a date in the format year-month-day  or use the calendar that 

pops up. In the calendar you can select the day and month (Figure 3-11a). 

By clicking on the title bar with the month, the calendar changes and only 

indicates the months of the year (Figure 3-11b). By clicking on the year in 

the title bar, you get a calendar with years (Figure 3-11c). This allows you 

to jump more quickly between longer periods. Note that the period to is 

the end date entered (for the month of January you therefore enter for 

example 2009-01-01 and 2009-01-31). 

b. Zooming in with the mouse on the bottom flow pattern ( in Figure 3-10). 

When the mouse is on the bottom flow pattern a + appears. By clicking and 

moving the mouse, a grey block appears. At the same time the top flow 

pattern zooms in and shows the pattern for the period in the grey block. 

The dates in the line next to the  also change automatically. For 

big data sets this helps you select the exact dates in the pattern. The 

bottom flow pattern always shows the whole period. An example can be 

seen in Figure 3-12. 

c) Manipulating the measurement data in the data set: 

With  in Figure 3-10 the measurement data can be manipulated by adding 

changes. The purpose of this is to gain insight into the effect of changes in the flow 

pattern on the CFPD block diagrams. This is described in paragraph 3.6. 

After selecting the required period or modification, you click on (Figure 

3-10) to carry out the CFPD analysis on only this period. If you want to go back to 

the period in the default data set, you click on  .  

 

Note that the CFPD software tool calculates with calendar weeks, from Monday to Sunday, 

and with months. This affects the results at the edges of the period (the first row and the 

last column of the block diagrams). If for example the period begins on Sunday for an 

analysis period of a week, then there is still 1 day in a calendar week. In the first row of the 

block diagram then only this day is included and not a whole week. It is important always to 

be aware of this. If this is the case, it makes sense to set the limit for the period to a Monday, 

the start of a calendar week, or to the start of a month. 

 



KWR 2014.049 | May 2014 38  

 

 

Manual CFPD method 

 

 

Figure 3-10 Example of the top section of the screen with the results of the CFPD block analysis

 

 

a) b) c) 

 
 

 

Figure 3-11 Example of the use of the calendar for entering the required period: a) calendar with all the 

days in a month, b) calendar with all the months in a year, c) calendar with years. 
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Figure 3-12 Example of the top section of the screen with the results of the CFPD block analysis

, zooming in on the period from 9 February to 13 February. 

 

CFPD block analysis 

In Figure 3-13 you can see an example of the bottom section of the screen, after carrying 

out a CFPD block analysis. This section shows the actual result of the CFPD block analysis.  

If you want to reduce or increase the analysis period, you use the option 

that is above the block diagrams. Here you select the analysis period for the CFPD block 

analysis. On this line you select the analysis period by selecting a number (from 1 to 7) in 

the first field and in the second field the sub-period (day, week, month, quarter or year). By 

clicking on , the tool carries out the CFPD block analysis for the analysis period 

entered. 

 

Figure 3-13 Example of the bottom section of the screen with the results of the CFPD block analysis: 

. 

The CFPD block analysis gives four block diagrams, the meaning and interpretation of which 

is explained in chapter 2: 
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1) Slope : this block diagram gives the slope a of the CFPD analysis in each 

combination of two sub-periods. The slope indicates whether a consistent change 

has occurred.  

The colours indicate the value for a: blue if a < 1 and red if a > 1. A light shade is a 

small deviation, a bright shade is a big deviation. In the bar under the Table are the 

values for a that correspond to the colour values. You will find the exact value for a 

of a certain combination by moving the mouse over the diagram. A green block then 

pops up with information on the value of a and the periods that are compared with 

one another in this block. You can see an example in Figure 3-14: 

 the value of a: slope value 1.093 

 Period 1: period 1 = 02/11/2009 01:00:00  02/11/2009 23:00:00 

 Period 2: period 2 = 02/18/2009 01:00:00  02/18/2009 23:00:00 

A CFPD analysis of the flow pattern on 11 February with the flow pattern on 18 

February gives an a of 1.093. 

Table 2-2 describes what a certain value for a means. 

2) Slope sigma this block diagram gives the standard deviation in the value for a in 

each combination of two sub-periods. The standard deviation indicates how 

accurately a can be calculated from the line in the CFPD diagram: a value of 0 means 

that a is very accurate. A bigger value means that the accuracy of a is lower. The 

colours indicate how seriously the standard deviation deviates from 0: for blue the 

standard deviation is zero, for red it is high. The maximum value is indicated in the 

bar under the Table. You will find the exact value for the standard deviation of a 

certain combination by moving the mouse over the diagram. A green block then 

appears with information on the value of the standard deviation in a and the periods 

that are compared with one another in this block. 

3) this block diagram gives the intercept b of the CFPD analysis in each 

combination of two sub-periods. The intercept indicates whether an inconsistent 

change has occurred.  

The colours indicate the value for b: blue if b < 0 and red if b > 0. A light shade is a 

small deviation, a bright shade is a big deviation. In the bar under the Table are the 

values for b that correspond to the colour values. You will find the exact value for b 

of a certain combination by moving the mouse over the diagram. A green block then 

appears with information on the value of b and the periods that are compared with 

one another in this block.  

4)  this block diagram gives the standard deviation in the value for b 

in each combination of two sub-periods. The standard deviation indicates how 

accurately b can be calculated from the line in the CFPD diagram: a value of 0 

means that b is very accurate. A bigger value means that the accuracy of b is lower. 

The colours indicate how seriously the standard deviation deviates from 0: for blue 

the standard deviation is zero, for red it is high. The maximum value is indicated in 

the bar under the Table. You will find the exact value for the standard deviation of a 

certain combination by moving the mouse over the diagram. A green block then 

pops up with information on the value of the standard deviation in b and the 

periods that are compared with one another in this block. 
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Figure 3-14 Example of the information, corresponding to a combination of two periods in a CFPD block 

analysis. 

 

When you click on a particular block in a diagram, three graphs appear. In Figure 3-15 you 

see the graphs that relate to the same combination as in Figure 3-14. In the title the data 

appear to which the block relates, in this case 11/02/2009 and 18/02/2009. The three 

graphs are: 

1) Figure 3-15a: the CFPD diagram for the CFPD analysis of the flow 

pattern on 11 February with the flow pattern on 18 February. The meaning of this 

diagram is explained in paragraph 2.3 (page 13). 

The graph shows that the CFPD diagram can be approximated well by a straight line 

(red line). This is also apparent from the standard deviation. It follows from the 

block diagram of the standard deviations that these are low, namely 0.019 in a and 

0.733 in b. 

2)  in Figure 3-15b: the timing correlation diagram for the 

two flow patterns that is used in the CFPD analysis of the selected combination. The 

meaning of this diagram is explained in paragraph 2.4.3 (page 26). In the example 

we see mainly a lot of points located on the diagonal. This means that the most 

equal volume flows occur at the same times. A few points lie at around 9-21 hours 

and 21-9 hours; this means that the same volume flow occurs at these two times.  

3)  in Figure 3-15c: in this diagram are the a values and b values of all the 

combinations that are present in the block diagrams. For this example these are 

therefore all the possible combinations from 2 February to 2 March 2009. This 

diagram indicates the quality of the CFPD analyses and is explained in paragraph 

2.4.4 (page 25). The diagram shows that there is a big correlation between a and b. 

Because there are no big changes in this period, as we can see in Figure 3-13, the 

cause of the correlation is the difference between weekdays and weekend days. 

CFPD analyses of a weekday with a weekday or a weekend day with a weekend day 

give an a of around 1 and a b of around 0 (in the middle of the graph). CFPD 

analyses for weekdays with weekend days give an a of less than 1 and a b of bigger 

than 0 (points at the top left in the graph). And vice versa for weekend days with 

weekdays, the points are in the bottom right of the graph. 
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Figure 3-15 Example of CFPD analysis (a), timing correlation diagram (b) and diagram (c), that 

correspond to the same combination as in Figure 3-14. 

 

3.5.2 Results of parallel comparison of CFPD analysis of several data sets 

For a parallel comparison of the CFPD analyses of several data sets the screen is subdivided 

into four: 

1)  

2) Slope sigma  

3)  

4) Intercept sigma  

The results of the CFPD block analysis of the selected data sets are then set alongside each 

other in each part. Above each block diagram is the period to which the block diagram 

relates and the name of the corresponding data set. An example of a parallel comparison of 

three data sets with one month of measurement data can be seen in Figure 3-16: a parallel 

comparison with an of a month and a of 1 day. 

The meaning and interpretation of the block diagrams remains the same and is explained in 

the previous paragraph. You get the exact value of the slope or intercept or the 

corresponding standard deviations in the same way, namely by moving the mouse over the 

block diagram. The parallel comparison does not give the three graphs, as for Figure 3-15, 

for a random combination, by clicking on the corresponding block. For this you have to carry 

out a CFPD block analysis of only the relevant data set. 

 

 

(a) (b) (c) 
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Figure 3-16 Example of a parallel comparison of three data sets. 

 

You can adjust the length of the time period or the sub-period in the parallel comparison in 

the top section of the screen (Figure 3 9). This is described in paragraph 3.4.2. The new 

settings are implemented after clicking on  . In the example of Figure 3-16 you 

can reduce the analysis period for example to a week. 

The parallel comparison helps you compare different files with one another easily. This 

allows you to investigate whether the changes are specific to that data set or also occur in 

other periods or areas. From the comparison of Figure 3-16 it follows directly that a 

consistent change occurs in the flow pattern in the second file and an inconsistent change in 

the third file. From the block diagrams of the standard deviations we can see that these 

changes are accurately determined.  
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3.5.3 Results of CFPD analysis of two data sets 

After carrying out a CFPD analysis of two data sets a CFPD diagram appears. In paragraph 

2.3.3 (page 15) a CFPD diagram is explained. In this diagram two parameters are important: 

the slope of the line (a) and the intercept (b). If two flow patterns are identical, a is equal to 1 

and b equal to 0. This line corresponds to the green line in the CFPD diagram. If a deviates 

from 1 this means that a scaling or consistent change has occurred. If b deviates from 0 a 

shift or an inconsistent change has occurred. 

You can see an example of a CFPD diagram of two files in Figure 3-17. Above the graph are 

the names of the files. The measurement data of the top file are on the x-axis; the 

measurement data of the bottom file on the y-axis. The Figure shows that the CFPD curve is 

below the green line (that corresponds to identical patterns: a=1 and b=0). This means that 

a shift is present between the two files: there is therefore an inconsistent deviation between 

the one supply and the other. 

 

Figure 3-17 Example of a CFPD curve of a CFPD analysis between two files: measurement data of 

(BG03-voor) on the x-axis and measurement data of BG03-after  (BG03-na) on the y-axis. 
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3.6 Manipulation of data 

An extra functionality in the CFPD software tool is the manipulation of the measurement data 

in your data set. With this functionality you can add all sorts of consistent or inconsistent 

changes to measurements, over certain periods. You can use this for example to see how 

well a leak of a certain size can be seen in a time series.  

The manipulation of the measurement data in the data set is carried out via the following 

steps: 

Step 1: first carry out a CFPD block analysis, as described in paragraph 3.4.1. You then get 

Figure 3-10.  

Step 2: first select the period in which you want to make a change. This can be done via the 

data filter ( in Figure 3-10) or with the zoom function ( in Figure 3-10). 

Step 3: enter the required change data set  in Figure 3-10).  

a) Fill in the size of the change. 

b) For a consistent change, you select after all a consistent change corresponds to 

a scaling of the flow pattern by slope a). The size of the change must be greater 

than 0. The range relevant in practice is as a rule between 0.5 (halving of 

consumption) and 2 (doubling of consumption). 

c) For an inconsistent change, you select after all an inconsistent change 

corresponds to a shift in the flow pattern with intercept b). You can enter both a 

positive and a negative change here. For the order of magnitude of the change you 

can use the size of the volume flow in the measurement data. 

Step 4: After entering the required change select The required change is then 

visible in both the flow pattern and the CFPD block diagrams.  

Step 5: if you want to make several changes, you can always repeat step 2 and step 3 in 

succession. The changes are then included after selecting the CFPD block 

analysis and can be seen in the flow pattern. 

In addition, all the changes are shown in a Table u data set the Table 

you will find in succession: 

 Value: value/size of the change 

 Operation: type of change for a consistent change (or scaling) and 

for an inconsistent change (or shift) 

 Date start: date on which the change starts 

 Date end: date on which the change ends 

 Applied?: a tick indicates whether the change has been applied to the measurement 

data 

 : a waste bin, to delete the last change. If you select this, only the selected change 

is immediately deleted from the measurement series and the corresponding CFPD 

block analysis. 

Step 6: After each step or change added you can carry out all the actions with the flow 

pattern or the CFPD block analysis described in paragraph 3.5.1: zooming in and changing 
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block length in the CFPD block diagram. When no value is filled in for data set

the normal operations are carried out on the data sets. 

Step 7: If you want to go back to the original measurement data in the data set, you select 

. 

 

3.7 Printing out or saving results 

In each block of results in the top right of the title bar is  (for example  in Figure 3-10). 

With  the results of the CFPD block analysis can be saved as a PDF file or printed. The 

menu of Figure 3-18 then appears. For the option to save the results as a PDF file, after 

clicking on , the required location and name can be indicated. If you want to print the 

results, you can select the required printer under Destination, after clicking on Edit .  

For both saving and printing a number of choices can be made, such as the number of pages, 

portrait or landscape page, margins and options such as header and footer text and colours. 

The settings that you select can be seen immediately in the figure alongside. This may 

possibly be browser or system specific. 

If you want to go back to the CFPD software tool you select n . 

 

 

Figure 3-18 Example of exporting the results of the CFPD block analysis. 

 

Each Figure in the CFPD software tool can be saved as a file in the location you require. After 

each Figure you will find an  icon. By clicking on it the relevant Figure is saved as a *.png 

file with a unique name: 

Namedatafile_namefigure.png 
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Note that for the CFPD block diagrams you must save the corresponding legends separately 

and give them a corresponding name. 

By option in the Figure you can save the Figure in the 

required location and if necessary you can change the name. 
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4 Working with the CFPD software 

tool: examples 

4.1 Introduction 

In this chapter we show a number of practical examples. This chapter helps you with how 

you can use the CFPD software tool and how you can use the results to identify and interpret 

changes in the supply to an area. You can use the CFPD software tool if you want to 

investigate a known change, for example if you want to identify the start of the change or 

want to find out exactly what has happened. Or if you want to investigate whether changes 

in a district have had an effect on the supply to the area. You can also use the CFPD software 

tool to analyse years of measurement data. Have changes occurred in the course of time? Are 

the data properly recorded? 

In this chapter three examples are covered: an example in which it is known that a change 

has occurred in a period, but that it is not known when exactly and what type of change it is; 

an example in which measurement data from a number of years are analysed and an 

example in which the block diagrams with the standard deviation/sigma are used to analyse 

and interpret the data. In these examples we will use the information in Table 2-1 and Table 

2-2 a lot. 

4.2 Example 1: determining time and type of change 

A water supply company knows that something has gone wrong in the supply area, but 

wants to identify the exact date and determine the type of change using the CFPD method. 

Determining the time that the change started and the type of change can help the company 

determine the causes and to take appropriate action. 

The company recorded a failure on 21 July 2009. With the CFPD analysis of the measurement 

data the company wants to find out when a change occurred. In addition, the company wants 

to explain this change. The measurement data for March to September 2009 are shown in 

Figure 4-1. 

 

Figure 4-1 Example of the measured volume flow in a supply area from March to September 2009. 
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To answer the water company  question, for the CFPD block analysis we zoom in on the 

month of July. You can see the result in Figure 4-2. 

 

Figure 4-2 CFPD block analysis on a daily basis of the month of July in 2009. 

In the Figure you can see in position 1 (06-07-2009) a reduction in the slope a. This 

coincides with the start of the summer holidays on 4 July 2009 in North Netherlands. The 

start of the summer holidays can therefore be clearly be found in a very consistent reduction 

in water demand (smaller value for a). Because people are going away on holiday, the water 

demand falls.  

Over the period from 12 to 17 July (position 2 in Figure 4-2) a slowly rising inconsistent 

change can be seen, as a block in the value of b. The value for b finally climbs to approx. 

10 m3/h above the original level and then falls sharply back on 17 July.  

When we zoom in on the measurement data of the volume flow around these dates, we can 

see that this trend can also be seen in the minimum volume flow in the nights. This may 

possibly relate to a leak that has become bigger over a few days and was then found and 

repaired. This will be the reason for the fault recorded on 21 July. It was found that 

recording was only carried out at a later time. This also makes it clear how important it is to 

collect records and other external data accurately. 

 

4.3 Example 2: multi-annual analysis 

Measurement data are available from a tourist region for the volume flow for the years 

2006-2011. These measurement data are used in the CFPD analysis to investigate, 

determine and interpret events/changes in the water supply.  

Analysis on an annual basis 

First a CFPD block analysis was carried out for each year on a monthly basis. To get an idea 

of the quality of the measurement data, for each year the a and b factor pairs, in the 

corresponding diagrams, were looked at. In Figure 4-3 you can see that none of the 

graphs involve a considerable degree of correlation between the two factors. This means that 

the consistent and inconsistent changes in the measurement data as a rule do not go 

together and therefore presumably can be attributed to independent processes (see 

paragraph 2.4.4). 

 

 

1 2 
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2006 2007 2008 2009 2010 2011 

      

 

Figure 4-3 diagrams for the block analyses for a tourist region on a monthly basis. 

 

We will first look at the CFPD block analyses per year on a monthly basis. In Figure 4-4 you 

can see the values for the slope a for each year. In Figure 4-5 the value for the intercept b 

can be seen for each year. 

 

2006 2007 2008 

   

   

2009 2010 2011 

   

   

Figure 4-4 Block diagrams for the slope a from the CFPD block analyses for a tourist region for each year 

over the period 2006-2011. 
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2006 2007 2008 

   

   

2009 2010 2011 

   

   

Figure 4-5 Block diagrams for the intercept b from the CFPD block analyses for a tourist region for each 

year over the period 2006-2011. 

 

The a factors show a pattern that is repeated year on year (Figure 4-4). The first months of 

the year show a slow consistent growth, after which the months of April to August then show 

a substantial increase in the consistent demand, with a peak in July and August (doubling 

compared with January). September and October show a substantial fall compared with the 

previous months, but are still higher than the first months of the year, with which November 

and December are comparable. These changes can be related to the presence and absence 

of tourists in this region in the different seasons. 

The inconsistent changes (b factors) in Figure 4-5 show a less regular pattern. July always 

shows an inconsistent increase compared with the previous months. In some cases June, 

August, September and/or October show this too, but to a lesser degree. The inconsistent 

difference in April 2007 is probably related to the weather. KNMI (Royal Netherlands 

Meteorological Institute) data for this region (www.knmi.nl) show that this month was a 

sunny and dry month (Figure 4-6), in which perhaps many people watered their gardens. 

The July months of 2007, 2008, 2009 and 2011 were, however, wetter than average. For 

these deviations in the summer a different explanation is probably necessary. This should be 

looked for in tourism. July is the top month in this tourist region; in this month 14% of 

annual consumption is taken. This seems to involve both consistent and inconsistent 

changes, which illustrates the fact that the water consumption pattern of the visitors 

deviates somewhat from that of the permanent inhabitants. 

 

http://www.knmi.nl/
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a) 

 

b) 

 

 

Figure 4-6 The weather data of the KNMI for the tourist region in 2007: a) the temperature in °C and b) 

the rainfall data as an hourly total in mm. 

 

Temperature = Temperature; maand = month; neerslag [uursom in mm] = rainfall [hourly total in mm] 

The holiday periods in the tourist region can therefore often relate back to a positive 

consistent change (a) combined with a negative inconsistent change (b). 

What is also possible with the CFPD method is to compare the measurement data of e.g. 

2006 with those of 2011 in a CFPD analysis between two files (paragraph 3.4.3 and 3.5.3). 

This allows you to investigate whether there have been any significant changes in the water 

supply to the tourist region between the two years. In Figure 4-7 you can see the CFPD curve 

that you get for the CFPD analysis between the two measurement series. The Figure shows 

that in 2006 bigger volume flows are measured than in 2011, as a result of which a deviates 

from 1. The KNMI data in Figure 4-8 show that in 2006 it was considerably warmer than in 

2011 (www.knmi.nl). In addition, in the summer months of 2011 there was on average more 

rainfall. The KNMI also reports this, namely that the summer of 2011 was the wettest 

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
-10

-5

0

5

10

15

20

25

30

maand in 2007

T
e
m

p
e
ra

tu
u
r 

[°
C

]

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
-5

0

5

10

15

20

maand in 2007

n
e
e
rs

la
g
 [

u
u
rs

o
m

 i
n
 m

m
]

http://www.knmi.nl/


KWR 2014.049 | May 2014 54  

 

 

Manual CFPD method 

 

summer since 1906 and that virtually every day the temperature was below the norm, so this 

summer went down in history as fairly cool. Both phenomena therefore clearly lead to a 

reduction in water demand in 2011, resulting in a consistent change. The poor summer will 

also have had an effect on the number of tourists to the region, which resulted in a change 

in the water consumption. You can request these data from the Tourist Office (VVV) or from 

Statistics Netherlands (CBS). The data support the final interpretation of the change found. 

 

 

Figure 4-7 CFPD curve of a CFPD analysis between two files: the measurement data of a tourist region in 

2006 (x-axis) and in 2011 (y-axis). 

 

 temperature rainfall 

a) 

2006 

  

b) 

2011 

  

Figure 4-8 Temperature and rainfall in the tourist region in a) 2006 and b) 2011. 
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Analysis on a monthly basis 

You cannot easily determine deviations or changes from figures of the volume flow 

measurements. By carrying out a CFPD block analysis for each month on a daily basis, you 

get insight into possible changes that have occurred in that month. We only show a number 

of examples to give an idea of how you can use the CFPD analysis. 

June 2006 

In Figure 4-9, from around 13 June a slowly rising inconsistent change (b) can be seen, that 

peaks on 19 June. This is related to an event that drew many tourists to the island.  

 

Figure 4-9 Results of the CFPD block analysis for June 2006 on a daily basis for a tourist region. 

October 2007 

A positive inconsistent deviation and a simultaneous negative consistent deviation are shown 

in two periods in Figure 4-10. These coincide with the autumn holidays in October 2007 (as 

well as in October 2006). The first week of the deviations coincides with the autumn holidays 

in North Netherlands, the second week with that in Central and South Netherlands 

(www.schoolvakanties.nl). 

 

Figure 4-10 Results of the CFPD block analysis for October 2007 on a daily basis for a tourist region. 

 

19 June 

http://www.schoolvakanties.nl/
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May 2009 

In the records of the relevant water company for the region, a fault was recorded on 23 May 

2009. In addition, the level of the cellar in the supply area was increased on 22 May. In the 

CFPD analysis on 22 May 2009 a strong inconsistent deviation of around +70 m3/hour can 

be seen (Figure 4-11).  

 

Figure 4-11 Results of the CFPD block analysis for May 2009 on a daily basis for a tourist region. 

 

April 2011 

A fault was recorded on 27 April. It was also recorded that a cellar present was substantially 

emptied in these days. In the CFPD block diagram from 24 to 26 April a clear inconsistent 

deviation of +40-50 m3/hour can be seen (Figure 4-12). This can also be seen in the 

minimum night consumption levels in the original data. This presumably involves a leak that 

was repaired three days after it occurred.  

A consistent change can also be seen from 16 April. This reaches a maximum from 5 to 8 

May. Figure 4-8b shows that April and early May are characterised by a high temperature 

and little rainfall. A peak in the temperature can be seen on 7 and 8 May. This also coincides 

with the period from 30 April to 8 May, which is a holiday period for the whole of the 

Netherlands. The weather and the increase in the number of tourists are an explanation for 

the significant consistent change. 

 

Figure 4-12 Results of the CFPD block analysis for April 2011 on a daily basis for a tourist region. 
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4.4 Example 3: application of block diagrams with the standard deviation/sigma in 

analysis  

 

In the previous example we analysed each month separately, by carrying out a CFPD block 

analysis on a daily basis. It is also possible to select certain months in advance based on the 

results for the standard deviation for a and b in the block diagrams slope sigma and 

intercept sigma . 

After all, the size of the standard deviation says something about the quality of the a and b 

factor calculated. A big standard deviation means that there is a big deviation from an actual 

straight line and that the value calculated for a and b is not accurate. There may be two 

reasons for this: 

1) Different changes or processes take place at the same time. 

2) A change occurs in the supply, but the period of this is less than the analysis period. 

The change can be found by zooming in and reducing the analysis period (for 

example from week to day). 

Figure 4-13 shows the result of a CFPD block analysis carried out on manipulated 

measurement data from the year 2011 on a monthly basis. In the block diagrams for the 

standard deviation you can see a bigger value for the standard deviation for the month of 

February and for the months of September-October. This means that in those months the 

accuracy for a and b cannot be accurately determined. By zooming in on the two periods we 

can investigate whether the changes occur during a period that is smaller than the analysis 

period of a month and we can identify the exact period. 

 

 

Figure 4-13 Results of a CFPD block analysis for the year 2011 on a monthly basis.  

 

We first zoom in on the month of February. Because we do not know exactly whether the 

change occurs fully in the month of February, we carry out a CFPD block analysis from 

January to March on a weekly basis (Figure 4-14). In these diagrams we find a high 

inconsistent change b in the week of 14-20 February. The high standard deviation in the 

week after that (21-27 February) shows that in this week probably part of the change also 

occurs, but that this no longer lasts a whole week. If we now zoom in further for only the 

month of February and then carry out an analysis on a daily basis we can determine the 
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exact period (Figure 4-15). The results of this analysis clearly show the period and the size 

of the change: 50 m3/h from 15 to 22 February 2011. 

 

 

Figure 4-14 Results of a CFPD block analysis for the months of January to March 2011 on a weekly basis. 

 

 

 

Figure 4-15 Results of a CFPD block analysis for the month of February 2011 on a daily basis. 

 

We will now look more closely at the period of September-October. The block diagrams 

show a higher standard deviation in both months. We therefore first zoom in on both 

months and carry out an analysis on a weekly basis. The result in Figure 4-16 shows that 

there is a consistent change in the week from 26 September to 2 October, of a = 1.5. This 

period does not show a high standard deviation, therefore the change probably also lasts for 

this week. Zooming in further confirms this. From the week of 17 October an increasing 

inconsistent change can also be seen, with in the last week a high standard deviation. For 

this reason we also zoom in on this period: one analysis for the month of October and one 

for the month of November. 

First we zoom in on the first period: from mid-September to mid-October and carry out a 

CFPD analysis on a daily basis (Figure 4-17). This analysis gives the exact period and the 

size of the consistent change: a = 1.5 during 26 September to 2 October. 
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The analyses for the second period are shown in Figure 4-18 for October and in Figure 4-19 

for November. The analysis of October still shows part of the change in a, as it continued 

until 2 October and an inconsistent change on 15 October of 30 m3/h. In November (Figure 

4-19) there is from 14 November an inconsistent change of 4 m3/h that continues and does 

not end at the end of November. After the investigation and exclusion of possible causes in 

step 5 of Figure 2-2 this inconsistent change was found to be caused by an open valve. This 

example shows how the CFPD method can also identify unknown or unrecorded changes in 

the network configuration.  

 

Figure 4-16 Results of a CFPD block analysis for the months of September and October 2011 on a weekly 

basis. 

 

 

Figure 4-17 Results of a CFPD block analysis for the months of mid-September to mid-October 2011 on 

a daily basis. 
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Figure 4-18 Results of a CFPD block analysis for the month of October 2011 on a daily basis. 

 

 

Figure 4-19 Results of a CFPD block analysis for the month of November 2011 on a daily basis. 
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5 Background information 

5.1 Literature used 

Van Thienen, P. and E.J. Pieterse-Quirijns (2011). Nieuwe lekverliesbepalingsmethoden (New 

leakage loss determination methods). Nieuwegein: KWR. BTO 2011.053. 

Van Thienen, P. (2013). A method for quantitative discrimination in flow pattern evolution of 

water distribution supply areas with interpretation in terms of demand and leakage. Journal 

of Hydroinformatics, Vol 15, No 1, pp 86 102 doi:10.2166/hydro.2012.171. 

5.2 Background information or literature 

Van Thienen, P., E..J. Pieterse-Quirijns, H. De Kater and J. Duifhuizen (2012). Nieuwe 

lekverliesbepalingsmethoden voor het drinkwaterdistributienet (New leakage loss 

determination methods for the drinking water distribution network). H2O, April 13, vol. 8, p. 

41-44. 

Van Thienen, P., E.J. Pieterse-Quirijns, J. Vreeburg, K. Vangeel and Z. Kapelan (2013). 

Applications of discriminative flow pattern analysis using the CFPD method. Water Science & 

Technology: Water Supply, Vol. 13, No. 4, pp. 906 913. doi:10.2166/ws.2013.080. 

Van Thienen, P., J. Vreeburg and H. De Kater (2013). Water flow data key to pinpointing 

change. Water21, June 2013, (15.3), pp. 36. 

Watershare:  

General: http://www.kwrwater.nl/watershare/home/ 

CFPD analysis or NFP tool: http://www.kwrwater.nl/Network_Flow_Performance/ 

 

5.3 Information for external data for statements of CFPD results 

Websites with external data (see also Table 2-3): 

www.cbs.nl  

statline.cbs.nl 

www.cbsinuwbuurt.nl 

www.schoolvakanties.nl 

www.schoolvakanties-nederland.nl 

http://www.agenda-info.nl/index.php/feestdagen 

www.knmi.nl 

http://www.knmi.nl/klimatologie/uurgegevens/ 

  

http://library.wur.nl/WebQuery/hydrotheek/1988459
http://www.iwaponline.com/ws/01304/ws013040906.htm
http://www.iwaponline.com/w21/01503/w21015030036.htm
http://www.iwaponline.com/w21/01503/w21015030036.htm
http://www.kwrwater.nl/watershare/home/
http://www.kwrwater.nl/Network_Flow_Performance/
http://www.cbs.nl/
http://www.cbsinuwbuurt.nl/
http://www.schoolvakanties.nl/
http://www.schoolvakanties-nederland.nl/
http://www.agenda-info.nl/index.php/feestdagen
http://www.knmi.nl/
http://www.knmi.nl/klimatologie/uurgegevens/
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Annex 1. Glossary for CFPD method 

Term Explanation 

anomaly Irregularity or deviation 

consistent change Change in the flow pattern, in which the form of the pattern does not 

change (Table 2-1). Characterised as scaling by factor a. 

  

inconsistent change Change in the flow pattern, in which the form of the pattern changes 

(Table 2-1). Characterised as shift by factor b. 

flow pattern  The course of the volume flow over time 

intercept / shift factor (b) Intercept of CFPD diagram: indicates the extent of an inconsistent 

change (Table 2-2) 

  

slope / scale factor (a) Slope of CFPD diagram: indicates the extent of a consistent change 

(Table 2-2) 

timing correlation 

diagram 

Diagram gives the times at which a volume flow in the time series of the 

CFPD analysis occurs 

  

CFPD block analysis Carrying out a CFPD analysis for each combination of sub-periods (day, 

week, month, quarter or year) in a long time series 

CFPD diagram Result of the comparison of two time series using the CFPD method, the 

slope a of which is equal to the slope and indicates the occurrence of a 

consistent change (if a b is equal to the intercept 

and indicates the occurrence of an inconsistent change (if b Figure 

2-3 and Figure 2-5). 

CFPD method Comparison of Flow Pattern Distributions 
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