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Lebanon has traditionally been a major potato producer with 451,860 tons

produced in 2014. Generally, potatoes make up 30% of the total Lebanese

agricultural exports where approximately 60% of the potato production is

exported to the Arab region, the UK and Brazil. The purpose of this study is

to promote precision agriculture techniques in Lebanon that will help local

farmers in the central Bekaa Valley with land management decisions. The

European Space Agency’s satellite missions Sentinel-2A, launched June

23rd 2015, and the Sentinel-2B, recently launched on March 7th 2017, are

multispectral high resolution imaging systems that provide global coverage

every 5 days. The Sentinel program is a land monitoring program that

includes an aim to improve agricultural practices. The imagery is 13 band

data in the visible, near infrared and short wave infrared parts of the

electromagnetic spectrum and ranges from 10-20 m including three 60 m

bands pixel resolution. Sentinel is freely available data that has the potential

to empower farmers with information to respond quickly to maximize crop

health.
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Table 1. Field AreasFigure 1. Study Area, Tal Znoub, Bekaa, Lebanon

- Basemap source: Planet Team (2017).

Vegetation Index Formula Reference

Normalized 
Difference Vegetation 

Index

𝜌𝑁𝐼𝑅 − 𝜌𝑅𝑒𝑑
𝜌𝑁𝐼𝑅 + 𝜌𝑅𝑒𝑑

(Rouse et al. 1973)

Soil Adjusted 
Vegetation Index

𝜌𝑁𝐼𝑅−𝜌𝑅𝑒𝑑

𝜌𝑁𝐼𝑅+ 𝜌𝑅𝑒𝑑+𝐿
+ (1+L) (A. R. Huete 1988)

Normalized 
Difference Water 

Index

𝜌𝐺𝑟𝑒𝑒𝑛 − 𝜌𝑁𝐼𝑅
𝜌𝐺𝑟𝑒𝑒𝑛 + 𝜌𝑁𝐼𝑅

(S.K. 1996)

Table 2. Band Math

The study area is located in Tal Znoub in the southwestern part of the Bekaa

Valley in Lebanon. It lies north of Quaroun Lake and is along the path of the

Litani River. It is located at around 33.66 N latitude and 35.78 E longitude with

an altitude of 872 m above mean sea level. Tal Znoub is located at 4 km north

northeast of the city of Jeb Jannine, the capital of the West Bekaa. The overall

area of the site is 462,600 m2 and is divided into sub fields as shown in Table 1.
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The Sentinel-2A and Sentinel-2B imagery are processed using the

open source software QGIS for atmospheric correction via the

Semi-Automatic Classification Plugin. The software takes level –

1C Sentinel imagery metadata and individual bands and converts

the imagery from “Digital Count” to “Reflectance Values” to be

able to run indices and perform the needed analyses.

After the scenes are corrected in QGIS, the needed bands (Near

Infrared: Band 8, Red: Band 4 and Green: Band3) were imported

into ArcMap for processing of vegetation indices (Table 2). In order

to increase efficiency, using raster calculator, the various indices’

formulas were built into a tool using model builder in ArcMap and

the output raster datasets were saved into a specific geodatabase for

data management purposes.

After the processing of all indices on the fields, “Zonal Statistics as

Table” tool in ArcMap was used to summarize the values obtained.

Various statistics were calculated and exported as an excel sheet,

these statistics included the following information for each field:

minimum value, maximum value, mean and standard deviation. The

mean values were then used to plot the graphs to show the variation

of the fields over the growing season.

Figure 2. Normalized Difference Vegetation Index Figure 3. NDVI – Mean Value over the growing season

Figure 4. Soil Adjusted Vegetation Index

   

   

  

   

Figure 5. SAVI – Mean Value over the growing season

   

   

Figure 6. Normalized Difference Water Index Figure 7. NDWI – Mean Value over the growing season
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Date

Field_1 Field_2 Field_3 Field_4 Field_5 Field_6 Field_7

Field_8 Field_9 Field_10 Field_11 Field_29 Field_30 Field_33

Field_ID Area (m2)
1 6000
2 11900
3 19200
4 14000
5 24400
6 38200
7 65700
8 28800
9 32000

10 35400
11 30400
27 38300
28 31500
29 17200
30 18800
33 50800

Total 462600
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Based on a visual interpretation, it is apparent that the fields can be

subdivided into clusters with similar responses to the vegetation and water

indices. Fields 1 through 5 showed consistency with each other, recording

the highest NDVI and SAVI values and lowest water stress values. This

could be due to the geographic location of these fields as they are the

closest to the Litani River, which could explain the higher performance of

these fields. On the other hand, fields 29, 30 and 33 have similar trends,

where the vegetation indices started with some of the highest indices values

rate than the rest of the fields. Those fields are clustered geographically and

may have had a different planting date than the other fields that would

explain the difference in rate compared to the other fields. Field 10 showed

odd patterns with the indices throughout the season that could indicate a

problem within the field. This might be due to topographic variations that

would have affected irrigation and crop performance.

Future work for this research will involve processing Planet RapidEye and

4Band data along with Sentinel-2B to help explain the variations of

vegetation indices for the fields. In addition, Planet data provides a higher

resolution and having more data will allow the option to run regression

models on the data which was not feasible with this limited dataset.

Moreover, working more directly with the Lebanese farmer and obtaining

more detailed information about the specific planting and harvesting dates

will confirm the hypothesized interpretation about the varying responses of

the fields. Also, studying the topography will help explain what the indices

are showing since the fields are influenced by topographic variations that

impacts the amount of sun energy received and absorbed by the plants as

well as the influence of irrigation which all lead to different responses.

POTATO FARMING IN LEBANON
During the 2017 growing season, local farmers provided detailed information in

designated fields on their farming practices, crop health, and pest threats. In

parallel, Sentinel-2 imagery was processed to study crop health using the

following vegetation indices: Normalized Difference Vegetation Index, Green

Normalized Difference Vegetation Index, Soil Adjusted Vegetation Index and

Modified Soil Adjusted Vegetation Index 2. Most Lebanese farmers inherit their

land from their parents over generations, and as a result most still use traditional

farming techniques for irrigation, where decisions are based on prior

generations’ practices. However, with the changes in climate conditions within

the region, these practices are no longer as efficient as they used to be.

Normalized Difference Water Indices are calculated from satellite bands in the

near-infrared and short-wave infrared to provide a better understanding about

the water stress status of crops within the field. Preliminary results demonstrate

that Sentinel-2 data can provide detailed and timely data for farmers to

effectively manage fields. Despite the fact that most Lebanese farmers rely on

traditional farming methods, providing them with crop health information on

their mobile phones and allowing them to test its efficiency has the potential to

be a catalyst to help them improve their farming practices.
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