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Internalized Calibration (METRIC) was used together with Landsat images,
meteorological data and statistical software (R) to obtain monthly and seasonal
evapotranspiration map. Monthly irrigation consumption was directly computed from
these maps due to the absence of rain at the given period. The seasonal irrigation efficiency
was calculated by comparing the irrigation requirements to the season water withdrawal
data. Totally eight perimeters were considered. In conclusion, the METRIC model is good
for mapping the evapotranspiration by providing to the high spatial resolution maps useful
for water resources management at perimeters scale. Using the evapotranspiration from the
model and the ETo from the pan evaporimeter, computed efficiencies are closer than the
efficiency calculated using Hargreaves equation.
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Introduction

Agriculture, and especially irrigated agriculture, is the main global water consumer and, consequently, a more productive use in
this sector will have a large impact. Moreover, it is estimated that by 2025 cereal production will have to increase by 38% to
meet world food demands [ 91, thus, putting even more stress on an already scarce resource that is water.

Current projections indicate that world population will increase from 7.9 billion people today to 9.1 billion in 2050 (5) As a
result, global food demand will rise, while food production will rise by 70% globally and 100% in emerging nations [*31. The
challenge is that irrigated agriculture is expected to produce much more in the future while using less water than it uses today.
Over the next years, the additional food supplies required to feed the world will depend on irrigation.

The irrigation demands on water resources will keep increasing while the resource itself is becoming scarcer in a global climate
change context. Therefore, monitoring the irrigation performance is meaningful. The term of ‘‘irrigation performance’’ for
different irrigation level (field, irrigation system and basin) can be quantified by factors such as water inflows and outflows,
crop demand (net irrigation water requirement), water use, system losses, crop production and the extent cultivated M. Indeed,
most irrigation systems across the world perform below their capacity and are not adapted to the needs of today’s agriculture.
The ultimate purpose of performance assessment is to achieve an efficient and effective use of resources by providing relevant
feedback to the scheme management at all levels 1. To achieve this, a systematic and timely flow of actual (measured or
collected) data on key aspects of a scheme is an essential condition.
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Evapotranspiration (ET) is an important factor in water
productivity and monitoring irrigation performance.
However, direct measurement of actual evapotranspiration is
difficult and, when it is done, mostly provides non accurate
and/or point values. In many countries, and particularly in
Burkina Faso, accurate evaluation of irrigation system
performance and sustainability is difficult to carry out due to
the lack of adequate, reliable and timely irrigation data.

The complexity associated with the estimation of ET has,
therefore, led to the development of various methods for
estimating this parameter over time 1. At present, in most
cases, satellite remote sensing data have been used for
estimating potential and actual evapotranspiration at regional
scale. Many researchers have worked on developing models
that accept remote sensing data as input to estimate potential
evapotranspiration and actual evapotranspiration ™,

The main advantage of this approach is that large areas are
covered, and that data is easily obtainable without extensive
monitoring networks in the field. To regularly obtain local,
regional and even global ET, some attempts have been made
to improve ET algorithms or models to reduce the use of
ground data. For this study, energy-balance methods using
the mapping evapotranspiration at high resolution with
internalized calibration (METRIC) developed by @, will be
combined to the remote sensing to estimate the actual and
potential evapotranspiration. METRIC is a satellite-based
image-processing model for calculating evapotranspiration
ET as a residual of the surface energy balance. It uses as its
foundation the pioneering SEBAL energy balance process
developed in The Netherlands by [,

The national goals described in the National Policy for a
Sustainable Development of Irrigated Agriculture (MAHRH,
2004), specify to increase the productivity of any crop
through improved management of the available resources. In
the goal achieving process, performance of the irrigated
agriculture process determines whether the targets are
attained. Performance assessment from the operational level
of the scheme up to the national level is of prime importance.
Hence, it is necessary to evaluate whether the current
performance assessment program can assess the performance
of the schemes as well as the irrigated agriculture sector.

In most of the irrigation schemes, seasonal performance is
quantified only at the end of the season ! The indicators used
measure the productivity of water in terms of irrigated land
area, seasonal grain yield, and the district level crop
production contributes to fulfil the national demand,
respectively. Since we are facing unusual weather conditions
(a long unexpected drought or excessive rainfall), these
indicators are too much susceptible to not be easily attained.
Performance information on related activities such as water
delivery, drainage control, water shortage is required by the
operational managers on time to make relevant decisions *
1. To assess performance, objective data on actual field
performance is needed, but unavoidable time delays in this
process cause delays in the decision-making process. In order
to make decisions at the right time, the delays of acquiring
and processing of field data should be minimized. Satellite
remote sensing can provide near-real time data in an objective
and unbiased manner 1,

The use of remote sensing has several distinct advantages
over traditional field data collection. Remote sensing can be
used to gather information over an entire area, while field
data collection relies on sample areas for instance, sample
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survey for crop cutting data, crop evaporation using
evaporation pan. Hence, the amount of field data can be
reduced by the use of satellite remote sensing.

Irrigation policy makers and managers need information on
the irrigation efficiency at various scales to devise
appropriate water management strategies. Significant savings
on irrigation water can be made by improved water
management, especially in water scarce regions. One of the
key elements of irrigation system management is assessment
and monitoring of irrigation.

The main purpose of this paper is to make a rapid scan of the
performance of an irrigation system at high resolution, in
term of detecting areas with good and poor performance
combined to field data (soils characteristics, irrigation
systems, crops and management) and to provide strategic
information for the improvement of overall system
performance. We decided to make the assessment of Di
perimeters, in the Sourou Valley, Burkina Faso, taking into
account the dry period that is the period during which
irrigation systems are mostly used. In this case, the chosen
period is October 2014 to May 2015 from which we can
consider the entire setting done and which corresponds to the
first irrigated period with new management and new
equipment. Due to the lack of data for the periods before and
after the chosen period, the study will not be able to give a
multi-periodical analysis of the system and would like to be
a reference point for further studies. The specific objective of
this study is to determine the actual evapotranspiration in
irrigated farms from processed satellite images, in order to
establish a reference state by mapping the evapotranspiration
for the given period (October 2014- May 2015).

Material and method

Study area

The Mouhoun, a tributary of Volta River, is an international
waterway whose catchment covers parts of Burkina Faso,
Benin, Ivory Coast, Ghana, Mali and Togo, with 145,750km?
(Figure 1). In Burkina Faso, the Mouhoun Basin covers
96,096 km? and takes a large part of the North and Southwest
of the country. With approximatively 1,000km in Burkina
Faso, the Mouhoun river is characterized by its loop shape.
The basin consists of twenty-six (26) sub-hydrographic
basins.

This potential provides the opportunity to make this area a
growth pole for the economy of the country. Thus, the Sourou
Valley has been identified as a priority development area of
irrigated agriculture.

g o

UPPER VOLTA

Fig 1: Main Rivers crossing Burkina Faso
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The Sourou Valley is administratively located in the province
of Sourou, at 328 km from the capital Ouagadougou. It lays
at the longitudes 2° 26' 24"W and 3° 28' 48"W, and at
latitudes 12° 46'48”N and 13° 43' 12"N, bounded to the north
by the Republic of Mali, to the south by the province of
Nayala and west by the province of Kossi and covers an area
of 3,906 km2. Our study will focus on the perimeter of Di.
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Fig 2: Presentation of the Study Area

1.8 Climate

The average annual rainfall is 500 to 700mm. and the mean
temperatures are approximatively 15 °C (December-
January) for the minimum and 35 °C (March-April) for the
maximum 871,

To date, the Sourou valley has 3,818 hectares of developed
irrigated areas whose water supply is done by pumping and
irrigation according to the gravity irrigation systems (3,035
ha). The entire field of Di (2,240 ha) is irrigated by gravity
using channels that uptake and supply water from the Sourou
river to different plots. Each pumping station consists of
screw pumps or Archimedean screw. For the management,
associations of water users are set for each perimeter, the so-

www.allmultidisciplinaryjournal.com

called sector. Each association is independent and is in charge
of the monitoring and evaluation of all activities related to the
exploitation of equipment and infrastructures.

Data

A fieldwork was conducted to collect data related to the
concerned perimeters, from May 18 to July 9 2016 aiming to
collect both primary and secondary data. The collection was
done by meeting responsible, research departments, and
farmers. Among the activities conducted: data collection on
the irrigation farms in the locality of Di which aimed to obtain
information about the irrigated areas, the management
practices, the irrigation systems, the crops grown during the
dry seasons, cultural calendars.

Meteorological data collection (period 2006/2015): data
obtained with the “Société Burkinabe des Fibres Textiles”,
SOFITEX and “Institut de I’Environement et de Recherche
Agricole”, INERA, two national institutions of research. The
data contain mainly precipitation, temperatures, wind speed
and solar radiation, data on water withdrawal from the river,
the transportation and distribution method obtained with the
office in charge of the perimeters, ‘AMVS’. An overview of
data obtained with farmers, associations of farmers and
“AMVS” is shown in the (Table 1).

Table 1: Irrigation calendar

Crops Period of irrigation

Nursery Planting End of irrigation
Onion | Oct 15", 2014 | Nov. 302014 | March 15, 2015
Tomato| Oct 1%, 2014 | Dec. 5" 2014 | March 15", 2015
Maize - Nov 15, 2014 | March 15", 2015

For this chosen dry period, only onion and maize were
intensively grown (around 1043 ha of land cultivated for
onion and 360 ha for maize).

The chosen period (growing period) of study is the peak
irrigation season from October 2014 to April 2015. A set of
satellite images from Landsat 8-OLI/TIRS (Table 2) and a
Shuttle Radar Topography Mission Digital Elevation Model
(SRTM DEM) covering the study area have been
downloaded for the concerned period. These Landsat images
are identified and downloaded also on the basis of cloud
cover to avoid shadow and to avoid some extra processing
(Akbari et al., 2007) 1,

Table 2: Satellite images from Landsat 8-OLI/TIRS

Satellite Sensor Path/Row | Day Of Year (DOY) | Cloud cover (%) | Day Of Year (DOY) | Cloud cover (%)
196/051 278 0 041 0
196/051 294 0 057 0
196/051 310 0 073 0
196/051 326 0 089 0

Landsat8 | OLI-TIRS 196/051 342 0 105 0
196/051 358 0 121 20.59
196/051 009 25.03 137 11.53
196/051 025 0

Method spline algorithm.

For this study, the program used is “R”.

Each ET24h was renamed using numbers. The length of the
irrigation period is 151 days and the acquired satellite images
cover 181 days. An existing script (originally designed for
NDVI interpolation) was modified to interpolate the
evapotranspiration images over the irrigation period using a

The validation of the evapotranspiration obtained using the
METRIC model and the evapotranspiration calculated using
the ETo from the Pan evapotranspiration was done by
comparing them to the evapotranspiration using modified
Hargreaves equation and the climatic data provided by
“AMVS”. The volume of required water was obtained using

319|Page



[ international Journal of Multidisciplinary Research and Growth Evaluation

three methods (modified Hargreaves equation, ETo from pan
evaporimeter and the ET maps from the METRIC model) in
to have a better qualitative and quantitative appreciation of
the efficiency. Using the ET maps, the required water was
obtained by the product of the pixel area (30m x 30m) and the
monthly irrigation depth (m), and summing all the volume of
the irrigated pixel during the irrigation month. Using
Hargreaves equation and the ETo from the pan evaporimeter,
the crop evapotranspiration was obtained by the following
formula: ETc = ETo x Kc

With ETo, the reference evapotranspiration (mm); Kc the
crop coefficient. The irrigation requirement was calculated as
following: ETirr = ETc — P. With ETirr. The effective
rainfall P equal 0 in this study considering the chosen study
period (November 2014- May 2015). The irrigation
efficiency was computed on the seasonal basis since there
was not reliable monthly irrigation water abstraction data.
Therefore, the efficiency was calculated comparing
successively the requirements obtained from the Hargreaves
equation, the evaporimeter and the METRIC model. The
following equation was applied:
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15 =R 100
“Is*

Equation 7 Irrigation efficiency
IE the irrigation efficiency in %, IR the irrigation requirement
(m3) and IS the irrigation water supplied (m3).

Results and Discussion

Metric monthly ET maps

Using downloaded weather data and the high-resolution
satellite images, the monthly high resolution ET maps were
obtained by running the algorithm METRIC on ArcGIS. The
results are shown in the Figure 3. The maps reflect the
variability of areas where ET is higher during the wetter
month (when the irrigation application is high) and lesser
during drier or lesser irrigation application. The variability is
also seen according to the crop type and the farm. The
variability is also observable according to the occupation of
the farms. Indeed, not all the hectares were cropped. So we
can notice a non-regular distribution of ET (Figure 3).
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Fig 3: Non-regular distribution of ET
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Fig 4: Monthly ET maps

The Figure 6 shows the variation of ET during the growing
season. ET is quite low during the initial stage of crops (small
LAI), except for the farms N1, N2, C1 and C2 which were
highly wet in the month of November due to their position
close to wet zones. We can also notice that from January to
March ET is high due to the high-water delivery and also the
growth stage of crops. This period corresponds to the
development stage where the LAI is high.

Metric seasonal ET map

Due to the gap (16 days between each Landsat 8 Images),
summing the monthly ET maps was not advised. So, the
statistic software “R” was used to interpolated the monthly
ET and to obtain the Seasonal ET map. The results are shown
in the Figure 5.
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Due to the lack or unreliable data about the crop patterns for
each farm, it has been difficult to clearly identify the crop
with the highest or lowest ET. These results give a general
idea on the water distribution and utilization on each farm.
These results clearly show a great difference between farms.
This variability is due to the difference between total and
cropped areas. In fact, the farm S2 presents the highest ET
(>2000 mm). It had been cropped at more than 85% and is
the biggest farm of the site. The farms N1 and N2 present the
lowest ET (<1000 mm).

Irrigation requirement

The Table 3, 4 and 5 present the monthly irrigation
requirements by farm according to method used. These
results show high values of the evapotranspiration which can

— P be explained by the crop response. The highest annual
- requirement was reported for the farm S2, while the farm C2
has the lowest requirement. The Figure 6 shows a
- comparison between the cropped areas and the irrigation
Fig 5: Seasonal ET map requirement.
Irrigated area Irrigation requirement
[} ] ] ] ] ] ] L I " ==
Fig 6: Comparison between irrigated areas and irrigation consumption
Table 3: Irrigation requirement using ETo from Pan evaporimeter
Irrigation requirement from ETo Pan evaporimeter Volume (m3)

Perimeters Nov Dec Jan Feb March Required Supplied

C1 11,452 | 146,518 | 171,655 | 165,944 | 152,609 648,178 1,477,633

C2 3,453 72,671 79,941 80,753 92,022 328,839 1,173,164

C3 13,703 | 236,495 | 263,919 | 264,099 | 284,697 1,062,913 1,870,384

Volume C4 19,451 268,197 309,918 302,541 291,700 1,191,808 1,753,326

N1 3,759 61,297 68,862 68,591 72,314 719.850 2397193

N2 7,671 100,436 | 116,991 | 113573 | 106,354 ' T
S1 3,650 181,646 | 192,451 | 199,261 | 259,452 836,459 1,264,558
S2 14,708 35,826 407,661 | 400,449 | 439,098 1,297,743 1,899,000
Table 4: Irrigation requirement using ETo from Hargreaves equation
Irrigation requirement from ETo using Hargreaves equation Volume (m3)

Perimeters Nov Dec Jan Feb March Required Supplied

C1 17,411 | 210,863 | 242,391 | 227,309 | 109,422 807,396 1,477,633

C2 5,250 104,239 | 112,883 | 110,615 65,980 398,967 1,173,164

C3 20,833 | 340,153 | 372,675 | 361,763 | 204,130 1,299,554 1,870,384

Volume C4 29,572 385,951 437,630 414,420 209,151 1,476,724 1,753,326

u N1 5,715 88,204 97,239 93,955 51,850 890 242 2327193

N2 11,663 144,586 165,201 155,573 76,257 ' T
S1 5,549 258,615 271,757 272,947 186,029 994,897 1,264,558
S2 22,362 | 508,361 57,565 548,534 | 314,836 1,451,657 1,899,000
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Table 5: Irrigation requirement using ETo from ET maps (METRIC)

Irrigation requirement from ETo using METRIC model Volume (m3)

Perimeters Nov Dec Feb March Required Supplied

C1l 81,898 163,797 247,599 163,797 163,797 820,888 1,477,633

C2 29,413 58,826 88,924 88,924 58,826 324,914 1,173,164

C3 74,546 149,092 225,372 149,092 149,092 747,194 1,870,384

Volume C4 126,401 | 252,802 382,142 252,802 | 252,802 1,266,948 1,753,326
m% 58,313 116,626 176,295 116,626 116,626 584,486 2,327,193

S1 89,717 179,434 271,238 271,238 179,434 991,061 1,264,558

S2 173,080 346,160 523,265 346,160 346,160 173,483 1,899,000

Irrigation efficiency Conclusion

Due to the lack of reliability of monthly water supply data,
only the seasonal irrigation efficiency was computed. For the
farms N1 and N2, the water supply data (Table 7) was
combined. So, the irrigation efficiency was computed for the
combined farm N. The results of the computation are
presented in Table 6. The efficiency was computed using the
three methods for irrigation requirement calculation. Farms
N1, N2 and C2 present little water requirements but received
a great amount of water during the irrigation period (over
2,327,193 m3 for N1 and N2 and 1,173,164 m3 for C2),
which is showing a great water loss. This considerably
reduces the irrigation efficiency of the whole system. Most
irrigation systems across the world operate below capabilities
and are not suited to today's agricultural needs 141,

Table 6: Seasonal irrigation efficiency (%)

Efficiency (%) from
Sectors  |[EvaporimeterHargreaves equationMetric Model
Cl 44% 55% 56%
Cc2 28% 34% 28%
C3 57% 69% 40%
C4 68% 84% 2%
m; 31% 38% 25%
Sl 66% 79% 78%
S2 85% 104% 91%
\Whole System 54% 67% 55%

Three farms (C4, S1 and S2) present high irrigation
efficiency (70% and above). The whole has a weak efficiency
and this can be explained principally by the misuse of water
for the farms N1, N2 and C2 (Table 7). Therefore, it is
observed that the pumping and the irrigation schedule don’t
really take into consideration the crop water requirement. The
ultimate goal of performance evaluation is to ensure that
resources are used efficiently and effectively by giving
meaningful feedback to scheme management at all levels [©1.

Table 7: Irrigation water supplied

Perimeters Volumes supplied (m3)
Cl 1,477,633
C2 1,173,164
C3 1,870,384
C4 1,753,326
N(N1+N2) 2,327,193
S1 1,264,558
S2 1,899,000
Total 11,765,258

In conclusion, the METRIC model is good for mapping the
evapotranspiration by providing to the high spatial resolution
maps useful for water resources management at perimeters
scale. Difference in irrigation water requirement between
farms mainly depends on the percentage of cropped area and
also on the agriculture practices. Therefore, it was
recommended that soil moisture should be taken into account
by the model to improve ET estimation; and the models
should be adapted to arid area by calibration and validation.
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