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Abstract:

The process of monitoring any crop, nowadays and determining its needs is still facing a great
difficulty in developing countries due to the lack of data. Therefore, remote sensing data of
multiple spectra and different times are effective tools to support monitoring systems and
recognize the needs of plants in appropriate time.

The present study uses multi-source data Sentinel 2, Landsat 7 & 8, which are multi-
Bands to determine the adequacy of irrigation water for rice. By using the Band—Ratio method,
researchers are able to analyze spectral information.

In the same vein, researchers used Sentinel 2 data as a basis of medium spatial and spectral
accuracy to monitor the farms in the territory rice of Iraq in Al-Qadisiyah Governorate. The
results of the digital analysis indicate that the crop does not get sufficient irrigation water. As a
result, the expected yield is currently estimated at 450 kg/acre only, which is a very low level of
productivity as a direct result of climate change and draught in addition to unfair water policies
of the upstream countries (Turkey & Iran). Therefore, we find that the danger of climate change
and its effects seems to be evident through its impact on the productivity of this important
strategic crop for the Iragi people.

Moreover, this method can contribute to estimating the irrigation time and determining the
area that can be successfully cultivated of rice or other crops during the dry season. The
phenological dataset can also be used with multi-source remote sensing data to explore the crop
area and monitor its condition during the season.

Keywords: Rice crop, Climate change, Band — Ratio, Remote sensing, Iraq, Sentinel-2
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1. Introduction:

Rice (Oryza sativa) belongs to the Gramineae family and is part of the Oryzeae family. It is an
herbaceous annual and semi-aquatic plant (Arabic Encyclopedia, 2022). The history of rice
cultivation is a multidisciplinary topic that is studied by archaeological and documentary
evidence to explain how rice was first domesticated by humans and its spread and cultivation in
different regions of the planet.

Generally, the current scientific consensus that based on archaeological and linguistic
evidence indicates that Oryza sativa rice was first domesticated in the Yangtze River Basin in
China 13,500-8,200 years ago, while the local varieties of Oryza sativa changed into more than
40,000 types. (Normile, 1997; Vaughan, Lu & Tomooka, 2008; Kuenzer & Knauer, 2013).
First Iraqi people knew how to cultivate this crop and used it in different food products.
Domesticated rice is one of the most widely consumed staple grains for more than half of the
world's population, especially in Asia and Africa (Khush, 2005). As a result of its great
importance, this crop has the third highest global production of crops after sugar cane and maize
(UN - FAO, 2020).

In Iraq, there are several different varieties of this crop but the most famous local and
international type is the Iraqi amber rice, which is grown mainly in Najaf and Qadisiyah
governorates within what is known as (The Iraqgi Rice Territory) (Karem Dragh Mohamed,
2014). It is also cultivated in limited parts of Babil, Dhi Qar, Maysan, and Wasit governoarates
in the central and southern regions of Irag. In the northern Iraq, a variety of rice, which is locally
called Agrawi is planted in the mountainous areas surrounding the Agrah district in the Dohuk
governorate in northern Irag and northeastern Mosul. The amber rice variety is considered the
best and most productive in Iraq due to its intense whiteness, distinctive aroma, and high protein
content in addition to the large size of the seed. There are other types of rice that are medium to
high quality including (Al-furat, Al-Na’imya, Al-yasmin, Al-khadhrawy, Abbasia and Al-
Hwizawy).

Throughout this study, remote sensing data and applications were used due to their great
importance in most scientific specialties, for they demanded to obtain adequate information on
the study area, especially the large area of it, such as the topics of geomorphology and mineral
detection (Al-Gurairy & Al- Al-Edami, 2023), forest monitoring, monitoring and management
of agricultural crops and many others (Ahmad et al., 2014).

Moreover, the importance of using remote sensing applications lies in the fact that it does
not need to make direct contact to the target on the ground, except in a few cases that require
field verification of the accuracy of the information and its analysis in the environments of
remote sensing applications. Therefore, remote sensing data is a valuable resource to monitor
and map vegetation as well as other vegetation cover indicators including slope-dependent and
distance-dependent vegetation. (Giovos et al., 2021; Tun et al., 2022).

Hence, remote sensing has become a major and effective role in modern agriculture by
monitoring and forecasting crop yields in any part of the world. It has an effective role in

1 like bread made of rice flour (Al-Siah bread) or sweet made of rice like (halawat Al-Timan)
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providing very important information on crops growth at different stages and places and the
condition of the plant at the harvest season. This can be done through merging satellite images,
and other available means and applications to evaluate and monitor crops accurately. (Ghosh et
al., 2018). This method also provides efficient ways to monitor, forecast crops productivity.
(Atzberger, 2013).

Therefore, the importance of monitoring rice crops using remote sensing based on
biophysical parameters related to crop strength and health is a very important process nowadays
for predicting the level of the annual crops yield. It is also a reliable, low-cost method that can be
performed in a very short time. (Ahmad et al., 2014). The process of controlling agricultural
crops with these available means in developed or developing countries can increase agricultural
production and help reduce the negative effects that face humanity as a result of climate change
and drought (Tang, 2019).

It is worth to mention that rice is one of the most important main meals of Iraqi family. Iraq
consumption is estimated by more than 1.5-1.8 million tons annually. Although the population of
the country is estimated at 41-42 million people. The annual amount of consumption per person
is about 37-38 kg/year (Qusai Al-Klidar, Falih Hassan & Wael Shamil, 2014). So, it becomes
clear the nutritional importance of this strategic crop for the Iragi people, which requires the use
of the best available techniques to monitor this crop in order to achieve food security in Iraq.

1.1. Locations of Study Area:

Rice is cultivated mainly in Iraq in the governorates of Al-Qadisiyah and Al-Najaf al-Ashraf in
particular, where 1162 km2 are used (representing about 464,800 Iraqi acres) of agricultural land
suitable for the cultivation of this strategic food crop. This area constitutes about 95% of the
total agricultural land that is used to grow this crop. While the area of land suitable for growing
rice in Al-Qadisiyah governorate alone is about (465.75 km?), which represents about 38%,
while Najaf exceeds the governorates of Iraq with a rate of about 57% of the total agricultural
area of the crop in Irag. Figure (1).
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Figure (1) map of Iraq shows the location of the Rice territory and study area (Landsat
satellite imagery and data using Arc GIS software)

It is noted that a large part of the rice territory is located within the administrative borders of the
Al-Qadisiyah Governorate that reflects its importance in providing a large proportion of this crop
locally. The cultivation of these agricultural lands fluctuates from year to year according to the
prevailing climate conditions annually especially rainfall and drought and the consequent annual
water revenues that reach these agricultural lands via Euphrates River and its branches that
penetrate from the north towards the south.

2. Human-Natural factors:

There are different components (natural and human) for each agricultural crop that contributes to
increasing its cultivation areas and productivity. These factors may be local or regional, which
have the greatest impact on the process of increasing the production of this crop, as shown in the
following:

1.2. Human Factors:
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1.1.2. Cultivated area and consumption:

It is possible that the great importance of this crop results from the large and increasing number
of the world's population especially in developing countries. For example, rice is the main meal
for the population of Malaysia consumption rate is about 80 kg/year per capita. (Omar et al.,
2019). In 2050, there will be an additional 2 billion mouths to feed. (Dodds and Bartram,
2016). Given its high nutritional importance resulting from the high percentage of protein in it
and high percentage of nutritional minerals as calcium, iron, and various vitamins. Due to its
importance and nutrients, it entered into many food industries (local and international) and its
leftover used as animal feed. (Salma Abdul Razak & Ahmad Hammoud, 2016).

Rice has many different varieties but the most prominent one that has the nutritional benefit
of high economic value represented by Iraqi rice known as (Iragi amber rice). The cultivation of
this type in Mesopotamia dated back to hundreds years ago. This variety is characterized by the
whiteness of its grain, with a soft texture and a distinctive pungent flavor, and it has a high
protein content of about 7.75% of a single grain, while the oil content is about 3.2% (Salma
Abdul Razak & Ahmad Hammoud, 2016; Khudair Abbas Hamied, 1997).

Globally, the importance is evident from the area planted with rice in the world is estimated
at 153 million hectares (1.53 x 106 km?) for the year 2005, distributed in more than a hundred
countries. The major countries are located in tropical and subtropical regions, but few million
hectares are also cultivated in temperate regions, Table (1).

Table (1) World rice area and production for the period (1948-2005) (UN — FAO)

world rice 1948 2000 2005 Percentage of
increase %

Area (million 86.70 153.77 153.78 177.35
hectares)

Production (million 145.40 598.85 618.53 425.39

tons)

Productivity 1.68 3.89 4.02 239.29

(tons/ha)

Large portions of sugarcane and maize crops are used for purposes other than human
consumption, rice has become the most important food crop for human nutrition and the amount
of calories it provides more than a fifth of the calories it consumes worldwide. It is also the
dominant source of food energy for 17 countries in Asia and the Pacific, about 9 in North and
South America and 8 in Africa. Rice provides about 20% of the world's food energy supply,
while wheat provides about 19% and maize about 5%. (UN - FAO, 2004)

2.1.2. World Trade:

Less than 8% of the internationally rice produced is traded in the world. The developing
countries represent the main players in the global rice trade, as their role in this global trade is
represented by the fact that they constitute about 83% of the exporting countries. At the same
time, they represent about 85% of the importing countries. It is noted that there are many rice
consumers and importers, with a small number of rice exporters, as there are only five countries
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(Thailand, Vietnam, China, the United States, and India) about three-quarters of global of rice
exports in 2002 (UN - FAO, 2004).

In 2020, the global production of non-hulled rice reached (756.7 million metric tons),
which represents about (834.1 million short tons). China and India topped the rice-producing
countries with a global total of 52% (UN - FAO, 2021). The other major producers were
Bangladesh, Indonesia, and Vietnam. The five major producers accounted for 72% of the total
world production and the 15 largest producers accounted for 91% of the total world production
in 2017, with developing countries producing about 95% of the total world rice production (UN -
FAO, 2021).

The main importers include (Nigeria, Indonesia, Bangladesh, Saudi Arabia, Iran, Iraq,
Malaysia, Philippines, Brazil, and some African and Gulf countries) (Shareholders call for
intensified consultation on Nigerian rice sector trade, 2014). Iraq is shown as one the largest
global rice importers. Although China and India are the world's largest rice producers, both
countries consume the majority of domestically produced rice leaving only a few to be traded
internationally.

3.1.2. The techniques used and wastage of yield:

Many rice-producing countries suffer significant post-harvest losses due to poor methods, poor
or inadequate storage techniques, inefficient supply chains, and the inability of farmers to bring
products into retail markets dominated by small shopkeepers.

Thus, World Bank and FAO study claim that the average of 8% to 26% of rice is lost in
developing countries each year due to post-harvest problems and poor infrastructure. While some
other sources expect that post-harvest losses exceed 40% of the total production in those
countries (Zorya et al., 2011). The global climate change may cause other great losses at the
global level in the productivity of this important crop for human life, be its impact is seen labour
on lIraq.

4.1.2. Labor:

Labor is one of the main elements associated with the cultivation and production of the rice crop,
and it is represented by the presence of the trained person to grow it. Labor represents the main
pillar in the agricultural production process, as the land and the machine complete this
production circle with the laborer. Thus, the trained labor remains the main element of
agricultural operations starting from preparing and plowing the land until harvesting and ending
with marketing. Providing and obtaining labor is related to the size of the population and their
spatial distribution in the region. (Abbas Fadhel Al Saadi, 1990). It is available all over Iraq in
general and in the study area in particular, which is one of high population density.

2.2. The natural features of the study area:

The main natural factors area of cultivation and production of this crop represented by many
factors as:

1.2.2. topography and surface:

The study area is located within the plain geomorphological unit represented by (the Iraqi
alluvial plain), which is characterized by a flat, low-slope surface. The surface heights of the area
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range between 15-24 m above sea level, and most of them lie within the range of 16-20 m, as
shown in Figure (2). The flatness of the surface here ensures the process of controlling the
irrigation water and preserving the fertile soil, which is characterized by its quality as an alluvial
soil and access to different roads that facilitate the transportation process. (Salma Abdul Razak
& Ahmad Hammoud, 2016).
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Figure (2) Topographic map of Al-Qadisiyah Governorate (based on DEM data using
ArcGIS 10.8)

The region penetrates the main stream of the Euphrates River and its branches, and as a result of
the geomorphological work of the courses of these rivers, it has formed natural levees along their
streams, which are higher than the level of the surrounding floodplain.

The smooth and flatness of the surface, and the height of the water in the streams of the
Euphrates River helped to irrigate the rice farms here directly and without relying on pumps,
except for the past years, which required the use of pumps due to the low water levels in the
Euphrates River and its branches. (Al-Gurairy, 2000). The presence of natural low ground north
of the area occupied by (formerly) Ibn Najm marsh transformed into the best area for cultivation
of this crop. (Karem Dragh Mohamed, 2014).

2.2.2. Climatic characteristics:

517



(Y XY )il (£) aamdl (Y0) alaall dulod¥) o lall Gl A

The elements of climate are of great importance for the growth of any crop. The study of the
climatic characteristics shows that it is located within the dry desert climate region in summer
with winter rains. This area is characterized by high temperatures in summer and the sky is clear
of clouds, which leads to the arrival of solar radiation for long hours (11.6 hours/day) during
summer. This is an ideal number of hours for the growth of the crop that needs about 11-12
hours/day of sun. (Karem Dragh Mohamed, 2014).

As for the annual average temperature, it is about (23.8 °C), and the year is generally divided
into two seasons: the hot season (summer) that starts from April until the end of October, with a
temperature (33.8 - 32.9 °C) during the growing season of the crop. In winter, the temperature
decreases during the cold months (winter) from late October to the end of March. the crop
requires a maximum temperature of (40°C) for the ripening process, and it is available
throughout most of the hot summer months. The hot summer is very long and results in a
significant rise in temperature rates as well as in evaporation rates, as the amount of evaporation
in it reaches (3852.6) mm, and the rate of evaporation in July is 556.3 mm, or 44% of the total
Annual evaporation rate. The decrease of humidity and the dominance of hot, dry winds have
clear effect on increasing the rates of evaporation in summer. Beside water losses, sufficient
quantities of water should be available to continue growing the crops.

It is worth noting that the annual rainfall is very little in the region and it comes outside the
crop-growing season (in winter). So, it cannot be counted as a source of irrigation. Consequently,
the Euphrates River and its branches represent the main and almost only source of agriculture in
the region. (Karem Dragh, 2014; Salma Abdul Razak & Ahmad Hammoud, 2016).

In respect to winds in the region, they are two types: the first is local winds resulting from
the high temperature during summer that leads to the formation of local thermal, and causes hot
winds that increase the evaporation/transpiration process. The second is the regional winds that
blow from different directions, but the north and northwest winds are dominant by (86%). The
winds are active during May and their frequency reaches about 12 times (Karem Dragh
Mohamed, 2014) They blow from the mountainous heights and the plateaus of Armenia, and
Anatolia towards the lowland in the valley of the Tigris and Euphrates (Mesopotamia).

The annual average wind speed is 3.4 km/s, and it speed varies from month to month, but
in general, it increases during the hot season, especially during the growing season of the crop.
The increase in wind speed in the hot season associated with drought leads to an increase in
evaporation rates and the effects on the need of irrigation water for summer crops. It causes an
increase in silt in rivers and irrigation canals. Strong wind and high temperatures during the
flowering period lead to a decrease in the percentage of fertilized flowers and a lack of number
of grains. (Salma Abdul Razak & Ahmad Hammoud, 2016).

3.2.2. Soil properties:

The soil of the study area is part of the alluvial plain. This soil was formed from the sediments
carried by the Euphrates River during its frequent floods. This soil is characterized by the
presence of several types of:

The soil of rivers natural levees: it is a mixture of sandy or silty clay soil by (60% siltstone,
20-31% clay, and about 15-16.5% sand). It is often higher than the level of the neighboring lands
with (2.5-1.5) m), which had an impact on the decrease in the level of its underground water. The
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increase in the percentage of organic matter made it one of the best types of soil suitable for the
cultivation of different types of crops as vegetables, fruits, and palms. In summer, rice is
cultivated.

The river basin soil: it is found in areas far from the riverbeds in the areas between the soil of
the rivers banks on one hand and the soil of low lands (marshes and swamps) on the other hand.
They include most of the lands of the study area. The general characteristic of this type of soil is
that it is a silty clay soil with a slow permeability and a medium texture (51.9% siltstone, 30.6%
clay, and 6-8% sand), which is 2-3 meters lower than the soil of rivers banks. It is one of the
suitable soils for rice cultivation, but the continuation of the rice cultivation process in it for long
periods turns it to salty land due to its flat surface, so it needs continuous salinization treatment
(Karem Dragh, 2014; Salma Abdul Razak & Ahmad Hammoud, 2016).

3.2. Water Resources:

Euphrates River and its branches in the region are the main sources of agriculture. This region
needs large water quantities from Euphrates River estimated by 1800-2200 m3/sec in the dry
season. (Muhammad Ali & Redha Sahib, 2012) It is estimated that one hectare need for water
is about (28000 m3). (Karem Dragh Mohamed, 2014).

, The cultivated lands recede or no one is able to cultivate them, which is the biggest danger
that threatens rice farms in Iraqg now with the problems of climate change worldwide. It is not
clear how much water is needed for the success of the cultivation the crop. The traditional
method of rice cultivation is by flooding the fields during or after placing small rice seedlings in
soil preferably impermeable to water to be able to maintain water for a long time. In general, rice
growth and production are affected by many conditions most remarkably (environment and
climate, soil characteristics, biological conditions, and customs - cultural practices of peoples).

Environmental factors include rainfall, water availability, the required temperature,
photoperiod, solar radiation, and in some cases even tropical storms. Rice can also be grown in
different environments depending on the availability of water. (""IRRI rice knowledge bank™,
2004) generally, rice grows in saturated areas with water and can withstand floods, so its
cultivation succeeds in low lands with medium depths, low lands flooded with water, flooded
lands, prone to floods, and irrigated lands, as well as its ability to grow in both the rainy season
and the dry season. (Bernier et al., 2008; Zu et al., 2017).

4. Materials and Methods
4.1. Office work:

The desk work included reviewing the previous studies in different regions of Iraq and this
region in particular. Also, reviewing various international studies related to this study to examine
the areas planted with this crop and follow its growth using remote sensing data. The study
importance lies in that there is no scientific article about the current study area.

The stage of satellite remote sensing data came that covered the region by Landsat-7
Landsat-8 satellites, (on a small scale), one image for the year 2007, and the other for the year
2013 for each of them, respectively. The Sentinel-2 satellite imagery provided the primary data
for the study. It is done by stacking the spectral beams of the cloudless landscape of Landsat-7
for the ETM+ sensor (7 Landsat) (38-168 captured on 03/08/2007). It is composed of 9 spectral
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bands, where 4 are within (0.45 to 0.90 um; spatial resolution of 30 um) as seen in Table (2).
The same applies to the data of the Landsat 8 satellite images. The beams of the scene captured
on 07/06/2013 (cloudless) were stacked and consisted of 11 spectral bands including 6 spectral
bands located within (0.433 to 0.885 um; with a spatial resolution ranging between 15 - 30
meters), within the VNIR area as shown in Table (2).

It should be noted that the VNIR spectral bands are particularly sensitive to the mapping of
minerals and plants. (Sekandari et al., 2020)

Table (2) Technical performance and zones of the Landsat-7 & 8, Sentinel-2
(Lima, Beuchle, Langner, Grecchi, Griess, & Achard, 2019; Sekandari et al., 2020; [Site])

Sensor Ground Spectral Band Number | Subsystem Year of
Resolution | Range (um) Launch
(m)
30 0.45-0.52 Band 1 (Blue)
30 0.52-0.60 | Band 2 (Green)
30 0.63 - 0.69 Band 3 (Red)
30 0.77 - 0.90 Band 4
LandSat 7 Near-Infrared 1999
30 1.55-1.75 Band 5
60 Short-wave
Infrared
30 10.40 - 12.50 Band 6
(Thermal)
15 2.08 - 2.35 Band 7
Mid-Infrared
0.52-0.90 Band 8
Panchromatic
(PAN)
15 0.500 -0.680 PAN (8)
Coastal aerosol
30 0.433 - 1) VNIR
30 0.453 Blue (2)
30 0.450 — Green (3)
LandSat 8 30 0.515 Red (4) 2013
30 0.525 — NIR (5)
0.600
30 0.630 - SWIR (6) SWIR
30 0.680 SWIR (7)
30 0.845 - Cirrus (9)
100 0.885 TIRSL (10)
100 TIRS2 (11) TIR
1.560-1.660
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2.100-2.300
1.360-1.390
10.60 -
11.19
11.50 -
12.51
60 0.433 - Coastal aerosol
10 0.453 (1
10 0.458 — Blue (2)
10 0.523 Green (3)
0.543 - Red (4)
20 0.578 Vegetation Red
20 0.650 — Edge (5) VNIR
Sentinel-2 0.680 Vegetation Red 2015 - 2017
20 Edge (6)
10 0.698 — Vegetation Red
0.713 Edge (7)
60 0.733 - NIR (8)
0.748 Water-vapour
50 ) SWIR
20 0.773 -
20 0.793 SWIR-Cirrus
0.785 - (10)
0.900 SWIRL1 (11)
SWIR2 (12)
0.935 -
0.955
1.360-1.390
1.565-1.655
2.100-2.280

Sentinel-2 has 9 spectral bands in the VNIR region from 0.433 to 0.955 pum, but its spatial
accuracy ranged between 10 to 60 meters. (Table 2) It is useful to identify minerals on the one
hand, as well as the possibility of using it in crop follow-up and management on the other hand.
So, the multiple scenes sequenced images were stacked within the time period (May, June, July,
August, September, and October of 2022) (N0400_R092), which was captured on those dates,
and it consisted of 12 bands for each of them.

The analysis of this data depended on GIS programs and applications ArcGIS 10.8, in
particular to identify and monitor rice farms in the study area. These stages are preceded by
preparing images of Landsat 7 for 2007; Landsat 8 for 2013, and Sentinel-2 images for 2022.
The researchers interpreted and analyze the images data within the ArcGIS environment to
obtain preliminary results. It was followed by matching processes with the results obtained
through the field study and compare it to official scientific and governmental reports that were
previously and currently developed for the region.
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4.2. Multi-Sensor Data Characteristics:

Multi-sensor satellite images, Landsat-8, Landsat-8, and Sentinel-2, were used to follow the
spread of rice farms in the past years, and then accurately monitor the crop for the year 2022
(which is a very dry year). Table 2 has summarized the technical performance and technical
characteristics of the Landsat-7, Landsat-8, and Sentinel-2 sensors. Certain spectral bands from
Landsat-7, Landsat-8, as well as in Sentinel-2 (mainly) were selected and used to distinguish
between cultivated rice areas and the uncultivated. It used to detect farms that were exposed to a
major drought because of water decrease of the Euphrates River, and the consequent results
during the 2022 agricultural season.

It is worthy to mention that the different ranges of these satellites' sensors can contribute to
many different geomorphological, and agricultural applications. They can strongly help
determine the percentage of agricultural areas, types of crops, and their classification. The
images can provide researchers to build up the spectral feature space, in the applications of
mapping crop types and their areas. (Kang, Xu, X., & Zhang, 2020; Al-Gurairy & Al- Al-
Edami, 2023). The specialized bands were short-wave infrared bands that were used in crop
classification for precision agriculture, as well as in the bands of Vegetation Read Edge (B5, B6,
B7) in Sentinel-2 (Nasirzadehdizaji, Sanli & Cakir, 2019; Fernandez-Beltran, Baidar, Kang
& Pla, 2021).

4.3. Preprocessing remote sensing datasets:

First, data layer was created from Landsat 7 and 8 visualizers to determine the cultivated area
with rice for the years 2007 and 2013, respectively. Four stacked bands of the images of
Landsat_7, and the six stacked bands data from the (VNIR) bands of Landsat 8 were used.
There were 6 layers of data created from the stacked Sentinel-2 images for the months of
planting the crop in the region, from (VNIR) bands (for bands 2, 3, 4, 5, 6, 7, and 8) with a
spatial dimension of 10-20 meters. It has seven bands that can be used to detect and monitor
agricultural crops.

4.4. Image processing techniques:

Band ratio image processing procedures were implemented to extract basic information related to
the exploration and identification of crop cultivation locations and areas in the region. The
previously processed remote sensing datasets matched with various data on rice farms from
official government sources to create mineral forecast maps for the study area. Therefore, it can
be used to accurately monitor and estimate the needs, and yields of crops before harvest.
(Nasirzadehdizaji, Sanli & Cakir, 2019; Fernandez-Beltran, Baidar, Kang & Pla, 2021),

4.4.1. Band ratio:

The method of band ratios is widely used for mapping minerals exploration and locating the
distribution of plants (Ott, Kollersberger and Tassara, 2006; Abdul-Qadir & Al-Jaf, 2009;
Arsalan and Mohammad, 2010). It corresponds to some minerals or plants via absorption and
reflection, whereby the pixels that contain certain mineral or plant groups are distinguished. (Ott,
Kollersberger, and Tassara, 2006; Mars & Rowan, 2011).

This can be done by dividing the values of the numerical numbers of a spectral band by the
values that correspond to it in another beam. The beam results in a high reflection of a substance
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is selected and divided by the beam that results in the least wave reflection of the same substance
or mineral to distinguish plants and different mineral deposits. (Arsalan and Mohammad,
2010). To characterize a particular absorption or emission, the numerator is the sum of the ranges
that indicates high reflectivity, and the denominator represents the range of the minimum
absorption or emission characteristic. (Crowley, Brikey, & Rowan, 1989; Onojeghuo et al.,
2018).

The division of packages shown in Table (2) has been prepared to determine the locations
and areas of rice farms in the region for different years and compare them with the current
situation of the distribution and areas of rice farms for the year 2022. Figure (3).
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Figure (3) Analysis (using Band-Ratio) of Landsat images data 7 & 8 in ArcGIS, to find the
distribution of rice fields in the region

In this paper, and in order to determine the rice cultivation in the region, the ratio of the band 4/3
was chosen from the visible bands of Landsat-7 (Ott et al., 2006; Abdul-Qadir & Al-Jaf,
2009). The ration band 4/5 was chosen, from the Landsat-8 bands. Several bands of Sentinel-2
data were used to determine the places of the spread of this crop and follow up on its water needs
by integrating the collection of the bands that give the highest reflective results represent the
least reflective bands for the plant in the region. This is done using the following equations:
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It was found that the third equation of adding and dividing (in band ratio), gives more accurate
and clear results regarding the distribution of the crop, its density, and its need for water and
shows the driest soils compared to the wettest ones. The Band-Ratio (B8/B4) can be used in the
data of Sentinel-2 images to obtain good results in the management of the crop, know its
immediate requirements, and for good follow-up and productivity.

4.4.2. Method of use the false colors _ RGB:

To generate a regional view of the rice farms and the rest of the crops in the region, a composite
visual of red, green, and blue RGB for bands (3, 4), and 6 for Landsat-8 can be produced. Figure
(4). Generally, this method does not achieve many important results, and its information is of
great generality so it is not reliable.

Figure (4) the spread areas of different crop farms using the composite (RGB) of false
colors, in bands (6,4,3) of the Landsat-8 image

5. Results
5.1. Mapping rice farms using Landsat-7,8 data:

Band-Ratio process of B4/B3 beams in the Landsat_7 image of 2007 can give us a somewhat
clear picture of the realistic distribution of rice farms in the region and the possibility of defining
their areas in general. (Figure _3). Most of the cultivated rice region is shown in the territory. As
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a result of water irrigation of that season, which resulted in the highest production during the past
20 years amounted to more than 138 thousand tons in 2007, and increased to 170 thousand tons
in 2019. (Iraqi Ministry of Agriculture, 2021). It also applied to the Landsat _8 image for the
year 2013 when dividing the B5/B4 beams that gave us somewhat acceptable results about the
areas and distribution of these farms in the region. It is noted that the emergence of a clear
decline in their cultivated areas is due to drought. Figure (3).

The above method of analyzing Landsat image data for agricultural objectives has several
drawbacks including comprehensiveness of the presentation. All crops appear in the same color
with the lack of other various details. An important role in the follow-up and management of the
crop is to observe its different needs especially water needs. Thus, this study did not depend on
Landsat images data largely due to these reasons for the period 2007-2013. There were no
Sentinel-2 satellite images until 2015, so the study depended on the available ones in Landsat
images.

5.2. Mapping the 2022 rice plantations using Sentinel-2 data

Sentinel-2 image data formed the backbone of this study because of its excellent spatial
dimension of ranges that can be used to follow-up and manage crops. It helps to estimate farms
water needs on a continuous basis, their types, and the expected quantity of productivity before
harvest. The spatial accuracy ranges between 10-20 meters that give them crucial importance to
provide comprehensive and accurate details.

In this study, the bands (4, 5, 6, 7, 8) were used in the process of dividing the bundles
(Band-Ratio) to obtain accurate follow-up maps of rice crop in the region because most of these
bands are dedicated to study the crops. It is found that the third equation of band ratio (B6 + B7
+ B8/ B4) would give better and more accurate results to follow-up the crop. Hence, this method
is the appropriate basic tool for this area, as shown in Figure (5).

Figure (5) shows the rice farms for the 2022 agricultural season (May, June, July, August,
September, and October) are shown in terms of their spread, areas, and water need. The white
color represents the waters of Euphrates River and its branches in addition to any water body in
the region and newly irrigated farms appeared in this color. The pink color refers to farms whose
soil is still wet, retains some water on its surface and is not in need of watering.

The blue color represents all agricultural lands that need irrigation of different degrees.
Based on the color gradation from light (moderate need) to dark (great need). The green color
represented all the agricultural areas that were not cultivated during the current season. The
yellow and dark brown colors indicate two cases: they either refer to agricultural soils that have
not been cultivated for long periods, and suffered to severe drought, or they indicate very dry
desert soils that can be observed in the lower left parts of the maps in Figure (5).
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Figure (5) Analysis using Band-Ratio of Sentinel-2 data image in ArcGIS, to monitor
conditions of rice fields in the region, for the year 2022

Based on tracking the conditions of rice crop in the main part of Iraqi rice territory, it is clear that
the crop has suffered severely from drought and suffered from poor irrigation. This caused a
limitation in the cultivated areas of 2022 season, which led to deterioration of productivity.
Official and field reports indicate that the total production of this region may not exceed only
1,000 tons in this year, while the productivity of this region in 2019 amounted to more than
170,000 tons.

The expected production of crop represented less than 1% of the productivity for the year
2019. As a result of the crop failure to reach the harvest season because of drought during
months of the growing season, most of the region farms failed to meet expected productivity, as
seen in Figure (5). Large part of these agricultural areas turned to be grazing areas for sheep or
livestock. The small fields of crop succeeded reaching the harvest stage, the productivity was
low by about (50-65%) less than the annual production rate known to farmers in the region. The
productivity of one acre is currently about 450 kg, but previously it ranged between 850 - 1200
kg/acre. (Iraqi Ministry of Agriculture, 2021).

5.3. Mapping Rice Farms Using Sentinel-2 Data 2017:

The result of dividing the beams (Band-Ratio) B8/B4 for the 2017 image was used in this study,
and it gave very acceptable and high-definition results. They showed that the agricultural lands
of dark brown and red color do not need water because they are irrigated farms. Figure (6).
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Figure (6) Map of the part of the rice territory in Al-Qadisiyah governorate for the 2017
agricultural season, from the analysis of Sentinel-2 data

The yellow and green colors indicate those farms that need new water. The cyan and blue color
indicate agricultural lands whose cultivation can fail since they need great quantities of water.
The pink color refers to the agricultural lands that were not originally cultivated due to water
scarcity. The area that cultivated in 2017 with the crop amounted to more than 56 km2 (more
than 670 hectares), with 93 thousand tons productivity; (1000 kg /acre) per acre. (Iraqi Ministry
of Agriculture, 2021).

So, remote sensing images are excellent tools to support different agricultural systems,
through careful monitoring and estimation of crop needs, and even estimation of yields before
harvest. Throughout this study, the using and analyzing Sentinel-1,2 satellite data with available
remote sensing applications has proven its great importance in various studies mostly agricultural
via its ability to determine crops water needs. Also, they help to identify and recognize the
problems that crops face during its growth.Sentinel-2 data are an ideal preference for these
studies due to their free availability and long-term continuous data archive. The great importance
of the great benefits that these data can provide to people, cultivating crops, monitoring their
growth, and estimating their yield effectively, especially in developing countries that lack
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modern technologies. (Nasirzadehdizaji, Sanli & Cakir, 2019; Fernandez- Beltran, Baidar,
Kang & Pla, 2021)

It can also be said that the results provided by the Sentinel-2 images data are more accurate than
others. (Sun, Bian, Zhou & Pan, 2019).

5.4. Climate change and the deterioration of agricultural production

It is known that ancient Iragis (Sumerians) were the first to invent the cuneiform in history.
Also, they had great experiences in implementing irrigation projects including the complex canal
network systems they created with the engineering works related to them in addition to different
crops cultivation. They were pioneers of irrigation at the world level because their land is plain
and the two great rivers irrigating those lands (Tigris and Euphrates). Sources had shown that the
Sumerians were familiar with hydraulic principles, had their methods of preparing the land,
sowing, irrigation, harvesting, which confirmed that they were farmers. They were skilled
farmers (Adamo & Al-Ansari, 2020), but their descendants faced major problems in this field
because of global climate change and the unfair water policies of neighboring countries against
Irag and its people.

Climate change causes many serious problems related to world food security because of its
effect and danger on agriculture in particular and in serious negative forms represented by
drought, high temperatures, hurricanes...etc. For example, rice was grown experimentally under
high levels of carbon dioxide, which are to be similar to those expected for the year 2100 as a
result of human activity polluting the environment. The result was a rice containing less iron,
zinc and protein, as well as lower levels of thiamine, riboflavin, folic acid, and pantothenic acid.
(Wishart, July—August 2018). So, the issue of global food security posed many dangerous
conditions whose consequences have begun to manifest in different regions of the world
including Irag, which was evident in the agricultural season in Iraqi rice territory of 2022.

The crop is related to water revenues that are in turn related to the wetness or dryness of the
agricultural year on the one hand, in addition to its direct connection with the unfair water
policies pursued by the upstream countries neighboring Iraq (Turkey and Iran) on the other hand.
The amount of its production fluctuated from year to year and reached its lowest during
agricultural season 2022. The productivity of the rice territory ranged between 75-90% of the
total production of Irag, based on the climatic footprint® of previous years. (Muhammad Ali,
2011) Rice productivity may reach less than 5% only for the year 2022, in best conditions.
Figure (7).

2 Climatic footprint: we mean it here, the state of drought and its severity or humidity and its high degrees
associated with the amounts of winter precipitation, as well as the annual rates of temperatures.
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Figure (7) Pictures of the rice fields in the study area in October — 2022

Where: A and B show two rice fields that were plowed after crop failure due to lack of
water; C and D, show two rice fields that have been successfully cultivated and are
expected to yield less than 50% compared to previous seasons, as a result of water scarcity.

Food industries related to this crop began to suffer greatly as many people in the region lost this
source of their seasonal livelihood since rice cultivation requires much labor. Furthermore, some
small factories of purifying, and peeling the crop for the local market did not find much
production because of lack of rice that leads to labor laying off.

6. Conclusion

Based on the study results, it is possible to conclude important findings related to the general use
of Sentinel-2 and the auxiliary data, and related them to the direct impact of climate change and
the policies of neighboring countries on the issue of rice cultivation, its products for the study
area in particular and Iraq in general. The multi-time Sentinel-2 images analysis process and the
accurate results obtained are crucial and effective factors to monitor and improve rice cultivation
in the region. So, the process of using the Band-Ratio method for Sentinel-2 images data gives
accurate and important results for the development of agriculture in the region by using its
information in monitoring this crop and recognizing its immediate requirements.

It is found that the great value was using multi-time Sentinel-2 images data, along with other
data available in developing countries to perform automatic rice yield monitoring that contributes
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to more efficient farming systems and practices in the future. This study can be extended to
include other strategic crop types, which may be also important to ensure food security. The
study has referred to the great and devastating impact of climate change on crops in general, and
on the strategic rice crop in Iraq in particular, which was evident during the agricultural season
of 2022.

Climate change pressures everyone; many countries seek to practice unjust policies to look
after its own interests, at the expense of the countries. This is clear in the unfair practices of
Turkey and Iran towards Iraq, which included, reducing water quotas for Irag, and changing the
streams of the Border Rivers inside those countries. So, depriving Irag of its water quotas at a
very difficult time causes serious agricultural problems in Mesopotamia. The severe drought
phenomenon that struck Iraq in particular during 2022 caused the loss of its production of rice. It
led to many negative effects including the cessation of most of the economic-industrial activities
related to this crop, unemployment, where people lose their source of livelihood, which is based
on the cultivation and harvesting of this crop.
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