Summer 2022. Vol 15. Issue 53

Research Paper

Evaluation of Applied Water in the Farms and Gardens
Equipped with the Smart Water Meters in Arsenjan Plain,
Fars province

Mohammad Ali Shahrokhnia *, Amir Eslami 2, Akbar Jokar 3

1. Associate Professor, Agricultural Engineering Research Department, Fars Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization
(AREEO), Shiraz, Iran

2. Assistant Professor, Agricultural Engineering Research Department, Fars Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization
(AREEO), Shiraz, Iran

3. Assistant Professor, Agricultural Engineering Research Department, Fars Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization
(AREEO), Shiraz, Iran

Received: 2020/11/22 : Abstract

Revised: 2021/05/15 Introduction: Volumetric delivery of water by installing smart
Accepted: 2021/06/09 water meters on the agricultural wells could be an effective action for
proper use of water and increase the water productivity. In recent
years, the smart water meters were used at Arsenjan plain in Fars
province for volumetric water delivery.

Methods: In this study, the applied water and the water productivity
in some of the Arsenjan plain farms and gardens were evaluated.
Twelve farms were selected for each of the three products; winter
wheat, tomato and pomegranate. Well discharge, crop yield, volume
of applied water was measured using smart meters. The actual
values were also measured. The values of irrigation water
productivity and total water productivity was calculated. The
differences between applied water and some water requirement
scenarios were compared using t-test.

Findings: Results showed that the values of applied water and
discharge in the smart meters were 21 and 25 percent less than the
actual measured values, respectively. Therefore, the performance
accuracy of the studied smart water meters was low. The average
irrigation water productivity of wheat, tomato and pomegranate was
0.93, 7.75 and 1.44 kg/m3, respectively. The average applied water
in the studied farms and gardens were 43 percent more than the
required values estimated by Penman-Montieth method. Finally, it
was suggested that in order to improve the performance of smart
meters, the calibration of these meters should be considered more
carefully.
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Extended Abstract

Introduction

Considering that agriculture is dependent on
water, the highest amount of water
consumption in the country is related to the
agricultural sector. In Fars province, which is
one of the most important agricultural
producing provinces of the country, the
water balance of most of the plains of the
province is negative, and this situation
indicates that the amount of exploitation is
more than the capacity of the plains. A water
meter is a tool that is used to measure the
flow or volume of irrigation water. The
question that has always been raised is what
is the accuracy of the meters, what kind of
meter should be used to deliver the volume
of water to the fields, and if these meters are
installed in an area, what is the result of
using them. If the meter, in addition to
measuring water, also has the ability to
control the use of resources, it is called a
smart meter. Previous studies have shown
that although smart water meters have been
used in different parts of the country, few
reports have been published about the
accuracy of these meters' performance in
field conditions. Few researches have been
published regarding the use of smart water
meters in other parts of the world.
Considering that Arsanjan Fars city is one of
the leading cities in installing and operating
smart water meters, the purpose of this
research was to investigate the accuracy and
amount of delivered water in farms and
gardens equipped with smart water meters
in this region.

Materials and Methods

Arsanjan city was the first city in Fars
province where smart meters were installed
and operated. For this reason, there is more
information about smart meters in this city
and it was selected for this research. In this
research, 12 pomegranate orchards, 12
wheat fields and 12 tomato fields were
selected and investigated in order to check
the accuracy of the smart water meters
installed in the Arsanjan plain of Fars
province. For this purpose, during one year,
the flow rate measured by each working
meter was read and compared with the

measured flow rate of water coming out of
the well. The flow rate of the well was
measured three times depending on the
condition of the water coming out of the well
pipe with different tools and at the same
flow rate that was the same as the flow rate
at the time of operation. The actual amount
of irrigation water for each farm per year
was obtained by multiplying the flow rate by
the duration of each irrigation and the
number of times of irrigation. The amounts
of water delivered by smart meters were
also read. The yield of each wheat field and
pomegranate orchard was measured at the
end of the season. In tomato fields, in each
harvest, the measured yield and the total
yield were obtained from the total yield of
each harvest. The productivity of irrigation
water was obtained by dividing the yield by
the volume of irrigation water. The amount
of total water productivity was also
calculated by dividing the yield by the sum of
irrigation water volume and effective
rainfall. Various statistical indices were used
to compare the actual values of the
measured water with the values obtained
from the smart meters. The annual water
requirement values were estimated using
the National Water Requirement Document
and Penman-Montieth method and were
compared with the actual irrigation water
and delivered water values estimated by
smart meters. In the Penman-Montieth
method, the water requirement was
estimated once using long-term
meteorological statistics (the last ten years)
and once using short-term meteorological
statistics of one year (the year of the
experiment). The actual measured values of
discharge, applied water volume and water
productivity were compared with the values
obtained from smart meter data using t-test
and the significance of the differences was
investigated. Also, the actual and estimated
volumes of applied water were compared
with three water demand scenarios using
the t-test.

Findings

In the wheat fields, the average real flow rate
was 19.6 liters per second, and the average
flow rate shown by smart meters (14 liters
per second) was 29% lower than the actual
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value. That is, in practice, the flow of water
discharged from the well was higher than
the value shown by the smart meter. Based
on the t-test, the difference between real
flow rates and smart meter flow rates was
statistically significant at the 1% level. The
actual average volume of delivered water in
the investigated wheat fields was 7385 cubic
meters per hectare, which was higher than
the average volume of delivered water based
on smart meters (5430 cubic meters per
hectare). The difference of these volumes of
delivered water was also significant at the
1% level based on the t-test. The statistical
difference between the delivered water by
the smart meter with the water demand of
National Water Requirement Document and
the 10-year Penman Montieth water
requirement was not significant at the 5%
level, but it was significant with the one-year
Penman Montieth water requirement. The
average productivity of irrigation water
based on real data and smart meters was
0.93 and 1.35 kg/m3, respectively. The
number related to the smart meter is about
45% different from the actual value, but
these  differences were  statistically
significant at the 10% level and not
significant at the 5% level. In tomato fields,
the average real flow rate and the flow rate
displayed by smart meters were 15.8 and 13
liters/second, respectively, and the flow rate
displayed by smart meters was on average
18% less than the actual flow rate. The
average volume of water actually delivered
(13889 m3/ha) was also higher than the
volume of water reported by smart meters
(11885 m3/ha). Of course, the difference in
the volume of actual and smart meters
delivered water was not statistically
significant at the 5% level. The average
water productivity based on real data and
smart meters was 7.75 and 9.98 kg/m3,
respectively. The productivity of the smart
meter was 29% higher than the actual
values, and this difference was statistically
significant at the 10% level. In pomegranate
orchards, the average real flow rate and
smart meter flow rate were 17.2 and 12.4
liters/second, respectively, and the smart
meter flow rate was about 28% lower than
the actual value. Based on the t-test, the
difference between these two flow groups
was statistically significant at the level of

1%. The actual amount of irrigation and total
water productivity was 1.44 and 1.06
kg/m3, respectively. Irrigation and total
water productivity based on smart meters
was 1.84 and 1.28 kg/m3, respectively. The
difference between the actual calculated
irrigation water productivity and smart
meters was statistically significant at 7%,
but the difference in total water productivity
was significant at 5%. The percentage
difference in irrigation water productivity
was 28% and the percentage difference in
total water productivity was 21%.

Discussion

The comparison of the total data of the actual
flow rate and the flow rate of smart meters
in the three investigated products shows
that the difference between the flow rate of
smart meters and the actual flow rate was
about 25%, which was statistically
significant at the level of 1%. The difference
between the amount of delivered water by
smart meters and actual delivered water
was about 21%, which was significant at the
level of 1%. The difference between the
delivered water by smart meters compared
to the National Water Requirement
Document, one-year water requirement and
10-year water requirement was 9, 13 and
12%, respectively, which was not significant
at the 5% level. The difference of actual
delivered water compared to the National
Water Requirement Document, one-year
water requirement and 10-year water
requirement was 37, 43 and 42%,
respectively, which was significant at the 1%
level. The difference between the one-year
water requirement and the 10-year water
requirement and the National Water
Requirement Document was 1% and 4%,
respectively. The difference between
National Water Requirement Document and
10-year water requirement was about 3%.
Irrigation water productivity calculated
using smart meter data had a difference of
33% compared to real water productivity,
which was statistically significant at the 5%
level.

Conclusion

The results of this research showed that, in
general, the flow rate reported by smart
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meters in the studied farms and gardens was
lower than the actual flow rate. Therefore,
the volume of delivered water by smart
meters will be less than the actual delivered
water. The amount of water productivity
calculated using the data of smart meters
will be higher than the water productivity
calculated based on real data. The average of
21% difference between the delivered water
values of smart meters and the actual values
is high. But considering the greater
difference in the delivered irrigation water
compared to the amount of water required
(43%), it can be said that the existence of
smart meters is more useful than their
absence. Therefore, it is suggested to carry
out more investigations regarding the
possibility of better calibration of smart
meters so that the performance of existing
meters can be improved if possible.
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