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Introduction 

The set of equations for precipitation calculation, that for many years seem to have been generally 

accepted as the “Industry Standard”, are known to yield results that can at best be described as 

somewhat approximate. This was confirmed a few years ago when the development department 

at Bailoy Products Ltd. performed a series of controlled tests and measurements using actual 

sprinklers and ground sensors, in order to assess the accuracy and reliability of the generally 

accepted “Standard” formulae.  

At this time, Bailoy was in the process of developing their flag-ship “Gemini” and “Trident” Irrigation 

control systems (GTI), and it was decided that a more accurate and reliable method of calculation 

would offer considerable advantages, particularly in view of the forthcoming legislation regarding 

water usage. The new method (known as the “GTI method”) was duly developed and included into 

the operational software of the “Gemini” and “Trident” systems. In this, as well as in many other 

aspects, the “Gemini” and “Trident” control systems are truly unique. 

The “working mathematics” behind the “GTI method” is too complex to render manual calculation 

easy or possible, all such calculations being performed automatically by the GTI computer, yielding 

results of greater accuracy and reliability. 

However, from a marketing viewpoint, it is recognised that despite the advantages of the “GTI 

method”, there may be some people who will prefer to continue using the old approximations with 

which they are accustomed. Therefore, in order to satisfy all customers, Gemini and Trident 

software from V2.61 enables the customer to select which of the two calculation methods they 

wish to use on their system.  

The following sections describe the “GTI method” of calculation and offers comparisons with the 

older “Standard” method. 

 



 

Units used 

For simplicity, we use metric units throughout this document. However, the differences between 

the GTI method and other precipitation calculation methods using Imperial or U.S. units remain the 

same. 

Table 1 shows the conversion factors: 

Conversion factor Factor 

Imperial Gallons to Litres x 4.5 

Feet to Metres x 0.305 

US Gallons to Litres x 3.78 

mm/Hour to Inch/Hour x 0.0394 

Inch/Hour to mm/Hour x 25.4 

Table 1 

Basic precipitation calculations 

Some basic precipitation calculations can be done without the need to refer to any dedicated 
formulae. In this section we will work out the application rate of the simplest rectangular formation, 
one in which the spacing equals the radius of throw. 
For these examples we will use a sample sprinkler head, which has a flow (F) of 100 Litres/Minute 
(LPM) and a radius (R) of 15 metres. 

Example 1: 
The sample head is installed in isolation (“Single head” formation in the GTI software) and 
has a 360 degrees arc. 
The area covered by the sprinkler is A = π x R2 = 3.14 x 152 = 706.5 M2 
The total water consumption (V) for this sprinkler head when it runs for a time (T) of 60 
minutes equals: 

V = F x T 
V= 100 x 60 = 6000 Litres 

Therefore the Precipitation Rate (Pr) within the circle covered by the sprinkler is: 
 

𝑃𝑟 =
𝑉

𝐴
=

6000

706.5
= 8.49 𝑚𝑚/ℎ𝑜𝑢𝑟 

Example 2: 
Now we prepare for a rectangular formation, but let’s first check the result of a single 
sprinkler with a 360 degrees arc in the rectangular area. The rectangular area (Shown in 
red) measures 15 x 15 meter: 
 
 

 
 

Figure 1 

 



 

A quarter of the total water consumption (V) contributes towards the precipitation of the 
area enclosed by the rectangle. Therefore the average precipitation rate inside the 
rectangle can be calculated as follows: 

The total volume of water added to the rectangular area is: 6000 / 4 = 1500 Litres 
The rectangular area encloses 15 x 15 = 225 M2 
Therefore the precipitation rate is: 1500 / 225 = 6.67 mm/hour 

Of course, the above example assumes that the water spreads evenly over the entire 
rectangular area, which is easy to visualise when the rectangular shape is seen as one giant 
rain gauge. 

Example 3: 
Finally, three more sprinkler heads are added to create a proper rectangular formation with 
a size of 15 x 15 meters: 

 

Figure 2 

Figure 2 shows that each of the 3 added sprinklers contribute the same amount of water to 
the rectangular area. 
Therefore the Precipitation Rate (Pr) equals: 

Pr = 4 x 6.67 = 26.67 mm/hour 

“Industry standard” formulae 

For a long time, the application rates have been calculated with the help of some basic formulae, 
which are called the Industry Standard Formulae. The formulae can be found in Table 3. Table 2 
explains the symbols used in these formulae: 

Symbol Description Unit Unit 

Pr Precipitation mm/Hour 

F Flow for a single head Litres/Minute 

D Distance between heads Metres 

H Distance between rows Metres 

S Distance between scallops Metres 

Table 2 

 
  



 

Type Formation Formula 

Triangular 

 

𝑃𝑟 =
𝐹 𝑥 60

𝐷 𝑥 𝐻
 

Rectangular 

 

𝑃𝑟 =
𝐹 𝑥 60

𝐷 𝑥 𝐻
 

Inline 

 

𝑃𝑟 =
𝐹 𝑥 60

𝐷 𝑥 𝑆
 

Table 3 

The industry standard formula to calculate the precipitation rate for a rectangular area is: 

𝑃𝑟 =
100 𝑥 60

15 𝑥 15
= 26.67 𝑚𝑚/ℎ𝑟 

Note that this is the same result as obtained by the mathematical approach in the previous section. 

The “GTI Calculation method” 

The sophisticated calculations performed internally by GTI cannot easily be displayed as a set of 

simple formula. The “GTI method” uses a technique (mathematically known as a “relaxation 

process”), that can practically only be done by a computer, and is a very similar technique to 

deriving the field strength mapping for radar antenna systems. In our case, it may be regarded as 

the modern day replacement of the “Industry Standard” formulae. 



 

Figure 3 shows a practical example of a sprinkler head profile. The graph shows the application rate 

as function of the distance from the sprinkler head. From this picture it can be deducted that the 

radius of throw is approximately 21M. At 11 meters distance from the head, an application rate of 

6mm is achieved after irrigating for one hour, etc. 

 

Figure 3 

However, the manufacturer’s data relating to a particular sprinkler may not always be readily 

available or obtainable. Therefore, in such an instance, GTI is forced to calculate a flat graph from 

more basic information (and consequently may result in a less accurate application rate 

calculation): 

• Suppose the radius of the sprinkler head is 21M 

• The flow is 150 Litres per Minute 

In a “Single Head” formation this would result in an application rate of 6.5mm/hr (See the previous 

section, Basic precipitation calculations example 1, how this value is calculated): 

 

Figure 4 

Figure 5 shows a rectangular formation with four heads set to a 360 degrees arc. The rectangular 

area has been divided into 14 x 14 small squares. For each square, GTI calculates whether it is inside 

or outside the radius of any of the 4 participating heads. The red squares symbolise the approximate 

area that is not covered by any of the 4 heads. 

 
  



 

 

Figure 5 

Figure 6 shows what a GTI precipitation calculation can achieve for a rectangular formation (A head 

is positioned in each of the 4 corners) when the profile of Figure 3 is used, it is called a denso-gram. 

The rectangular area is divided in thousands of small squares. The precipitation is calculated for 

each individual square and converted to a particular colour (See the scale to the right of the denso-

gram). 

 

Figure 6 

 
  



 

Practical sprinkler head installations 

Over time, a number of users have returned a copy of their GTI database to Bailoy Products Ltd. 

After studying the Station Configurations, especially the Greens, they seem to fall in one of the 

following two categories: 

Category Description 

1 The head spacing seems to have been consistently copied from the 
manufacturer’s specification sheets rather than having been taken 
from measurements of the actual head positions. 

2 Head spacing varies from Green to Green. Obviously, the installers of 
these GTI systems have taken the application rate more seriously and 
have tried to be as accurate as possible. 

Head spacing seems to vary between 0.8 and 1 times the radius of throw, with a few exceptions 

wherein the spacing exceeds the radius. In this case the spacing is usually 1.05 to 1.1 times the 

radius of throw. Category 2 systems usually have a spacing less than the radius of throw. 

The rectangular formation shown in Figure 2 is not a practical solution. In most cases sprinklers are 

placed closer together to ensure proper coverage. 

In the following example we reduce the sprinkler head spacing by 30% (From 15 to 10.5 meters). 

The sprinkler covers the entire rectangular area. Therefore the precipitation inside the rectangle 

equals the value calculated in example 1, which is 8.49 mm/hour (See the previous section). 

 

Figure 7 

Now we add 3 more sprinklers to form the rectangular formation again: 

 

Figure 8 

  



 

It is easy to see that each of the 3 new sprinkler heads add an equal application rate to the 

rectangular area. Therefore the application rate equals: 

8.49 x 4 = 33.96 mm/hour 

The “Industry Standard” Formula for the same rectangular formation gives: 

𝑃𝑟 =
60 𝑥 𝐹

𝐷 𝑥 𝐻
=

60 𝑥 100

10.5 𝑥 10.5
= 54.42 𝑚𝑚/ℎ𝑟 

The GTI method calculates a value of 32.4 mm/hour for this particular formation. You can try this 

by adding the sample head data to the GTI database (Select <Setup><Sprinkler heads> from the 

main menu bar). Now change a station (Select <Setup><Stations><Station configuration> from the 

main menu bar) to use this head with a “Single Rectangle” formation at the given distances. 

GTI gives an error of just 4.6%, whilst the “Industry standard” formula introduces a giant error of 

60.3%. The error introduced by the “Industry Standard” formula is due to the fact that it is assumed 

the entire volume of water consumed by the 4 sprinkler heads is used to add to the precipitation 

of the selected rectangle, while in fact most of the water falls outside this area. 

The small GTI error is due to the fact that a small amount of accuracy has been sacrificed in favour 

of computer processing speed. In the GTI software, it will be seen that GTI calculates the 

precipitation rate as the distances or head formation in the “Station” configuration are altered. 

Conclusion 

The “Industry standard” formulae are easy to use and offer reasonably reliable results, strictly 

provided that the sprinkler head spacing equals the radius of the sprinkler head. However, this 

document has shown that these formulae show an increasingly large error when the sprinklers are 

placed closer together. The GTI software compensates for this factor, a fact which appears to have 

been overlooked by some people in the irrigation industry. 

As from GTI Version 2.61, the software can (optionally) be user-configured to calculate application 

rates using the old “Industry standard” formulae. This feature has been provided in order to cater 

for those users who do not wish to progress to using the new “GTI method”, but who prefer to 

remain with their old way of working. However, it should be emphasised that the GTI calculation 

method offers a much more accurate precipitation rate than other methods. 

The GTI software defaults to its propriety (GTI) calculation method whenever a new database is 

created, in order to give the closest possible approximation of the actual application rates. 

However, people who still wish to remain using the old “Industry Standard” formulae can switch by 

opening the “User Settings” window and selecting the “Programs” tab. The options located near 

the bottom of this page allow for the switching of calculation methods. 

If the “Industry standard” formulae are selected in GTI, the “Database Checklist” will contain the 

following warning: 

  



 

 

Industry standard 'Precipitation' formulae in use 

Left-click this warning in the checklist to obtain the explanation in the area below the list: 

The Industry Standard Formulae are being used to calculate the precipitation for each 

station. 
 

These produce inaccurate results when the spacing does not equal the radius of the 

sprinkler head. 

The spacing in this system averages FACTOR x the radius of the sprinkler. 

Note that FACTOR is normally replaced by a value between 0 and 1. 

How you should interpret the FACTOR value: 

• A FACTOR in the range 0.9 to 1 shows that the Industry Standard Formulae and the GTI 

calculation method give near identical results. However, a value close to 1 is very 

uncommon for most sites. 

• A value for FACTOR less than 0.9 (Most systems will give a value in the range 0.5 to 0.8), 

shows that the Industry Standard Formulae grossly overestimated the applied 

precipitation. Therefore much less water is applied by the irrigation programs than is 

expected. 

A calculation method similar to that used in the “Gemini” and “Trident” systems is also used by the 

world renowned California Agricultural Technology Institute (CATI). Their website may be found at: 

http://www.fresnostate.edu/jcast/cit/software/ 

The “GTI method” of precipitation calculation, together with many other advanced features, is 

unique to the “Gemini” and “Trident” Irrigation control systems designed and manufactured by 

Bailoy Products Ltd. 

 

http://www.fresnostate.edu/jcast/cit/software/

