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Agricultural crop monitoring in north Syria using Landsat 8 imagery
O0Osama AKAK?!, Masahiro TASUMI?

Abstract: This study analyzed the relationship between precipitation and vegetation distribution for rainfed and irrigated
agriculture in northern Syria for wet, dry, and normal years. Ground-based cultivation and weather data are limited; therefore, a

series of Landsat 8 satellite imagery was used to investigate the agricultural status for different precipitation levels. The primary

rainfed agricultural crops were wheat and barley and the irrigated crops were cotton and sugar beet. The Normalized Difference
Vegetation Index (NDVI) was used to investigate the variation status. We found that drought substantially affected the crop
production in rainfed agriculture, but crop production was stable in irrigated agriculture, even in the drought year. The results of

this study indicate that remote sensing effectively monitors agriculture in similar environments and provides agricultural data

when ground-based data are not easily accessible.

Keywords: Normalized Difference Vegetation Index (NDVI); Landsat 8; Crop monitoring

1. Introduction

In March 2011, a devastating crisis began in Syria
because of complex interrelated factors. This crisis
resulted in challenges associated with climate variability,
and the inefficient management of freshwater resources
has directly contributed to the deterioration of Syria’s
economic conditions. There is a long history of conflicts
over water in the Levant region because of scarce natural
water resources, the early development of irrigated
agriculture, and complex religious and ethnic diversity
(Gleick, 2014).

In modern times, Syria is considered one of the
driest areas in the world. The Food and Agriculture
Organization of the United Nations (FAO) estimates that
the total renewable water availability in the country,
both
approximately 16.8 km?®/yr. The Euphrates, Tigris,

including surface and  groundwater, is
Orontes, and Yarmouk are the main rivers feeding the
country, and they are all shared by neighboring countries,
with nearly 60% of these rivers originating from outside
Syria’s borders. Furthermore, the extensive exploitation
of groundwater has led to substantial drops in water
levels, causing contamination by salt and nitrates and
making local wells unfit for human use.

Agricultural and meteorological data are
important for making strategic plans for sustainable
land

conservation in Syria. One of the greatest challenges is

and water management and ecological
the lack of quality data for agriculture and
meteorology, which makes proposing such strategies
difficult. Satellite remote sensing provides valuable
vegetation, meteorological, and water data, even for
where

the regions the availability of quality

ground-based observation data are limited (Tasumi et

! University of Miyazaki (1-1, Gakuen Kibanadai-Nishi, Miyazaki
889-2192, Japan; E-mail: usamah6969@gmail.com)

al., 2014; Wali et al., 2019). Several different types of
remote sensing technologies can be used for crop
monitoring. Landsat is an orbiting satellite, the
purpose of which is to map the earth and track changes
as seen from space. The National Aeronautics and
Space Administration (NASA) has launched a series
of Landsat satellites since the early 1970s. The
Landsat archive is managed by the United States
(USGS) Earth Resources
(EROS)
represents the world’s longest space-based record of

Geological  Survey

Observation and Science center and
changes on the Earth’s surface with a high (e.g. 30 m)
spatial resolution. Archived Landsat data from 1972 to
the present are freely available from the USGS’s Earth
Explorer mapping interface. The Landsat images can
be used to monitor, for example, agricultural practices,
road and city construction, deforestation, and changes
in sea ice.

In this study, we analyzed the effect of the
amount of precipitation on agricultural crop
production for rainfed and irrigated agriculture using
Landsat vegetation monitoring. Our results provide
information for better understanding the agricultural
practices in the study area and sensitivity of crop
production to climate in the region. This information
will help contribute to proposing a strategic plan for
sustainable crop production and water management in

the region.
2. Materials and Methods

2.1. Study area

The study area is located in the northern part of
Syria near Al-Raqqah city. The city is on the northeast
bank of the Euphrates River and is 40 kilometers east of
the Euphrates Dam, which is the largest dam in Syria.
The climate in Al-Raqqah is hot, arid, and windy in



summer and cold, dry, and partly cloudy in winter. Over
the course of the year, temperatures typically vary from
2 °C to 40 °C and are rarely below -2 °C or above 42 °C.
The wet season lasts for approximately six months, from
October 23 to April 21. The month with the most frequent
precipitation is February, with an average of five days of
at least one millimeter. The dry season lasts for
approximately six months, from April 21 to October 23.
The month with the least rainy days is August, when no
rain is expected.

Al-Raqqah has rich fertile land, with 42% of it
arable. The region is the main source of Syria’s strategic
crops. The primary crops in the region are cotton, wheat,
barley, sugar beet, and vegetables. Wheat and barley are
typically cultivated with rainfed water, and the other
crops are irrigated. In addition to rainfed agriculture,
irrigated fields spread along the Euphrates river, where
the Euphrates and Tishrin dams are located upstream of
Al-Raqqah. Agricultural practices in the rural agriculture
areas are more traditional than modern and basic services
are lacking (Al-Ameen, 2017).

2.2. Data collection

To understand the long-term trend of annual
precipitation, weather data of Al-Raqqah and Al-
Al-Qamishli cities in Syria and Urfa city in Turkey were
obtained from the World Meteorological Organization
(WMO) for a period spanning 30 years, from 1991 to
2021. A preliminary quality evaluation of the weather
data indicated some uncertainties in the Al-Raqqah
weather dataset, particularly in the precipitation records.

Al-Qamishli is situated 230 km from Al-Raqqah
and has higher quality weather data. Urfa is situated 130
km from Al-Raqqah and has the highest quality weather
data among three. The general weather characteristics in
the study area are important background information for
this study (Figures 1-4).
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Figure 1: Air temperature in Al-Raqgah city.
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Figure 2: Air temperature in Urfa city.
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Figure 3: Annual precipitation in Al-Ragqah city.
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Figure 4: Annual precipitation in Urfa city.

The annual precipitation records indicated that
2014, 2017, and 2019, were normal, dry, and wet years,
respectively (see Results section). In this study, the
satellite analysis focused on these three years.
Twenty-three images of Landsat 8, level 2, collection 2
for each of the specified years were acquired from the
USGS earth explorer. These images were used to analyze
the relationship between precipitation and Normalized
Difference Vegetation Index (NDVI) for irrigated and

rainfed agricultural fields.



2.3. Data analysis

NDVI maps were generated using the Landsat 8
images to investigate the effect of precipitation on crop
production, both in irrigated and rainfed fields. Landsat 8
has a 16-day repeat cycle, and therefore, approximately
23 images were available for each year. NDVI is a key
variable that reflects crop production. To investigate the
differences in irrigation performance by country, 100
irrigated fields were sampled from the Syrian side around
Al-Raqqah and 100 irrigated fields from the Turkish side
around Urfa. The average NDVI values for each 100
sample fields were analyzed. Differences in the NDVI
values among the three years (2014, 2017, and 2019)
indicated the effect of precipitation on irrigated and
rainfed fields. Water for crop production is insufficient in
the dry season without irrigation, and therefore, high a
NDVI in the dry season is evidence of irrigation.

3. Results and discussion

3.1. Evaluation of the precipitation data quality
Figure 5 shows the long-term annual precipitation
record for Al-Qamishli during 1991-2021, with the
number of days lacking data in each year. Figure 6 shows
the precipitation record for Urfa. Figures 5 and 6 agree
that 2017 was a dry year and 2019 a wet year. The quality
of the Al-Raqqah precipitation data (Figure 3) was
evaluated as low and unreliable for the following reasons:

(1) A large number of lack of dates and data.

(2) The precipitation data does not match the vegetation
distribution obtained from the satellite images. For
example, the satellite image implied successful crop
production with rainfed agriculture in some years
when the annual precipitation was reported to be less
than 100 mm, which deviated from the crop water
requirement.

(3) Although Al-Raqqah and Urfa had some similarities

topography, their
precipitation amount between differed significantly.

(4) Some
information reported that Al-Raqqah receives an

and continuity in annual

independent sources of precipitation
average annual rainfall of approximately 250 mm
(The Arab Center for the Studies of Arid Zones and
Lands; ACSAD) or 270

(https://tcktcktck.org/syria/al-ragqah/ar-raqqah),

Dry mm

which disagrees with the precipitation record
obtained (Figure 3).

In contrast, the precipitation record for Urfa rarely

—HEEVE— L2V

lacked data except for the years 2005 and 2008. In
addition, vegetation distribution monitored by satellite
for rainfed agriculture and rangelands agreed with the
trend of Urfa’s precipitation record (Figure 6) whose data
indicated that 2014 was a normal year of precipitation.
Consequently, this study focused on 2014, 2017, and
2019, as normal, dry, and wet years, respectively.
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Figure 5: Annual precipitation in Al-Qamishli during
1991-2021 showing the number of days lacking data.
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Figure 6: Annual precipitation in Urfa during 2011-2019.

Using the annual average precipitation value of
250-270 mm for
independent data source, precipitation in Al-Raqqah is

Al-Raqqah obtained from an

potentially less than that in Urfa. This suggests that a
strategic plan for agricultural water management is
difficult when reliable precipitation information is
lacking, and therefore, satellite-based monitoring and
analysis can effectively compensate for a limited
availability of ground-based data.

3.2. Effect of draught in rainfed agriculture

Figure 7 shows NDVI maps of the study area in the
spring seasons of 2017 (dry year) and 2019 (wet year).
April and May are typical months where rainfed wheat
fields are in their mid-cultivation season. Wheat is
typically harvested in June. A large NDVI difference was
available between the two years, with almost no active
vegetation found in the dry year and very active
vegetation that was spread over a wide area in the wet
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year. Satellite observations, coupled with precipitation
information, clearly illustrated the serious reduction of

crop production in rainfed agriculture because of drought.

A quantitative analysis of drought impact will be a future

topic of the study.

Figure 7: NDVI maps of April to June in 2017 (dry year)
and in 2019 (wet year).

3.3. Effect of draught on irrigated agriculture

The NDVI maps indicated that irrigated fields
spread along the Euphrates river around Al-Raqgah.
Large irrigation districts are also available in Turkey,
near the Syria—Turkey border, including Urfa (Figure 8).

e = ‘f\. . * } & * ; " *- Fé&&
Figure 8: NDVI map of irrigated fields in August in Urfa,
Turkey.

The impact of draught was investigated for the
Al-Raqgah and Urfa irrigation fields by taking 100
samples from each of the fields. The average NDVI of the
sampled irrigation fields are shown in Figures 9 and 10,
respectively. The Al-Raqqgah fields (Figure 9) showed
two NDVI peaks in a year, except for the dry year. The
first peak was in spring and the second was in summer.
Double-cropping was practiced in some of the sample
fields. The peak NDVI values of the first season were
significantly smaller than those of the second season,
even in the normal and the wet years, implying that
agriculture may be conducted only in limited fields
during spring. The NDVI values remain low in spring
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2017, reflecting the effect of drought. More detailed
information regarding spring agriculture can be obtained
by further investigating the NDVI values of each
individual field. This will be a topic of research in a
future study.

In the second season cultivation, no obvious
difference of NDVI was found among dry, wet, and
normal years; however, a delay in cultivation timing was
observed in the dry year. It is likely that irrigation was
adequately conducted even in the dry year. More
information that is detailed can be derived by analyzing
the timing of precipitation at weekly or monthly
timescales, which will be researched in a future study.
The irrigation district in Urfa (Figure 10) cultivates only
once per year in summer. The NDVI values for the
investigated three years (2014, 2017, and 2019) were
similar. Considering the significantly low annual
precipitation in Urfa in 2017 (Figure 6), the high NDVI
value even in the drought year indicates robust irrigation
management.

Average NDVI for 100 selected irrigated fields in Syria

®Normal year 2014 # Dryyear 2017 # Wet year 2019

Figure 9: Average NDVI values of irrigated sample fields
in dry, wet, and normal years in Al-Raggah, Syria.

Average NDVI for 100 irigated fields in Urfa during Normal Dry and Wet years
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Figure 10: Average NDVI values of irrigated sample
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fields in dry, wet, and normal years in Urfa, Turkey.

4. Conclusions

This study investigated the effect of precipitation
on crop production in the northern part of Syria, where
quality agricultural and weather data are limited. The
NDVI, computed by a series of Landsat 8 satellite
images, effectively described the regional agricultural
status from space monitoring. While drought seriously
affected rainfed agriculture around the study area in
Syria, the effect of drought was not significant for
irrigated agriculture. Furthermore, more information that
is detailed can be obtained by conducting a monthly
field-scale analysis.
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