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Abstract 

Food is the basic need of man and even animals. It is essential for the growth of the body 

tissues and cells. Food insecurity may be cause by war, disease outbreak, poor agricultural 

management practice, drought, deforestation etc. Food insecurity was experienced in Ozuzu 

in 1995 and Egbu in 1993 all in Etche Local Government Area due to prolong dry season. 

The long dry season affected the production of maize, yam, cassava, etc. which are the main 

source of food and income in the area. This study was designed to evaluate potential zones 

for food security through remote sensing and GIS technology. It was carried out using 

Landsat 8 OLI of 2017 data and ESRI’s ArcGIS 10.1 software for processing and 

computation of MSI and VSWI which are two vegetation indices selected for identifying 

potential zones for food security. The computed MSI and VSWI were reclassified into five 

classes ranging from very good to very poor potential zones. The results show that MSI 

perform optimally in identifying potential zones for food security in the study area. For the 

MSI, the very good potential zones ranges from 0.118 – 0.170 and were located along the 

river banks of Otamirioche, Ogueche and Imo River, Siat palm plantation and in some 

isolated locations in the north. Similarly, very poor zone ranges from 0.325 – 0.376 and 

occurred in the built-up areas mostly in the southern map location. Food insecurity menace in 

the study area can be address using remote sensing data and GIS software to analysis 

vegetation for potential zone for cultivations. For further study, more indices should be 

integrated in the determination of potential zones for food security.  

Keywords: Food Security, Land Surface Temperature, MSI, NDVI, OLI Landsat 8, Potential 

Zones, VSWI.  

 

 

 

 

1.0 Introduction 

Food, shelter and clothing are the basic needs of man for daily living. Of these three needs, 

food becomes the most important requirements by man because man and even animals cannot 

survive without food. Food is defined as substance whether in liquid, concentrated, solid, 

frozen, dried, or dehydrated form, that are sold for ingestion or chewing by humans and are 

consumed for their taste or nutritional value [1]. Food helps to build our tissues, new cells, 

prevent and fight against infectious disease and to live and look healthy. Base on the above 

mentions importance of food, it is also better to secure its production and distribution in any 

given state. Food security is defined as  a situation that exists when everyone (male and 

female), at all times, have physical, social and economic access to sufficient, safe and 
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nutritious food that meets their dietary needs and food preferences for an active and health 

life [2]. It main driving factors are; affordability, availability, quality and safety [3].  Food 

security is measure by global food security index (GFSI) on a scale of 0 – 100 and Nigeria 

was 34.8 on the index [4]. Food security is now global concern due to rapid increase in 

population and the climate change effects. Food insecurity can be cause by overpopulation, 

oil spill, deforestation and climate change [5]. The most affected climate change impact was 

in agricultural sector [6]. The outbreak of epidermis such as Ebola in West Africa also leads 

to food insecurity [7]. The Boko Haran attacks in Northeast Nigeria are another contributor to 

food insecurity. [8] Reported that over 795 million people are undernourished with majority 

of them in Africa and Asia. Experts have reported that over 70 percent of Nigeria population 

was under-nourished.   

Food security is a multi-discipline approach [9], and all professionals including remote 

sensing and GIS most be fully integrated. It is through remote sensing and GIS that locations 

or individual (living in towns, villages or cities) that have food security can be ascertain. 

Similarly, remote sensing and GIS will equally depict spatially food insecure areas and their 

inhabitants. To ensure food security, the nation’s agricultural systems must be revolutionized 

[10]. Remote sensing is capable of overhauling agricultural sector by providing platforms that 

accessed all parts of the globe within limited time and at relatively low cost.  [11]; [12] 

elucidate the application of remote sensing in agriculture. Remote sensing can be used to 

monitor food supply, demand and early warning for imminent food crisis [13]; [14]. The US 

developed famine early warning system in 20 African countries, especially, in the semi-arid 

region to provide adequate and accurate information on food security [14]. [16] Stated the 

important of remote sensing in rangeland forage assessment food security. [17] Used remote 

sensing data to derived NDVI in monitoring rice production for food security in Bangladesh. 

[18] Used NDVI derive from AVHRR data, soil moisture and sea surface temperature to 

study vegetation anomalies for food security in India. Also, [19] Study climate variation and 

crop growth on food security in Nepal using NDVI derived from MODIS data, rainfall and 

temperature dataset. Using only one vegetation index may not be enough for vegetation 

analysis for food security. Hence, moisture stress index (MSI) which determine the amount of 

soil moisture and vegetation supply water index (VSWI) which determine the presence of 

drought condition where used to determine potential zones for food security (locations that 

can ensure continuous supply of food production base on the available soil moisture and 

water supply). The following objectives were advance; (a) to determine potential zones for 

food security using moisture stress index and vegetation supply water index derived from 

Landsat satellite image and (b) to determine the spatial relationship between land surface 

temperature (LST) against MSI and VSWI using correlation analysis derived from the sample 

points (x,y,z). 

 

1.1 Study Area 

Etche L.G.A., Rivers State, Nigeria is located on 274185mE – 307185mE and 541125mN – 

580065mN in WGS84, Zone 32N. It has an approximate area of 85059ha with a total 

population of 249,454 people [20]. The area was selected for the study due to its food 

potential to the entire state. It hosts many agricultural farms and plantation notably the Siat 

Group Limited palm tree plantation that created hundredths employment opportunities and 

the ongoing ADAMA farm project operated by Israelis lr- Group of Company on 5,000 

hectares of land. Also, in Okomoko, rubber processing plant called the Delta Rubber Factory 

was established but has since dormant due to government negligence. The people of Etche 
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ethnic group are predominantly farmers, producing cash crops such as yam, cassava, palm 

oil, plantain, banana, pineapple, etc. The area is traversed southward by fresh water of Imo 

River, westward by Otamirioche River, and Ogueche River [21]. These rivers provide water 

needed for irrigation of farmlands for enhancing food security of the state. The average 

temperature ranges from 30.0°C - 33.0°C and annual rainfall ranges between 2100 mm – 

4600mm [22]. The favourable climate encourages continuous food production in the area. 

According to [23] it has soil that is red-yellow ferrasols on loose sandy sediments. Ferralsols 

contains high concentration of iron(III), aluminum oxides and hydroxides which give red or 

yellowish color , in addition they also contain quartz and kaolin, plus small amounts of other 

clay mineral sand organic matter. The study area map was shown in Figure 1.  

 
Figure 1. Map of the study area prepared from Landsat image. 

 

2.0 Methodology 

The assessment of potential zones for food security was carried out using Landsat image of 

2017 which was downloaded from its website using scene path and row. The image was 

corrected for both geometric and radiometric distortions by the data provider. However, only 

conversion of digital number (DN) to TOA radiance was perform on the remotely sensed 

image data. This is necessary so as to analysis the image base on actual reflectance from the 

earth’s surface features. The conversion was performed on all the bands utilized for the study. 

These bands were used to compute moisture stress index (MSI) and vegetation supply water 

index (VSWI) which are two indices for assessing potential food security zones in the study 

area. Site survey was conducted in the area using extracted coordinates from the potential 
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food security zones. The study was carried out using the methodology flow chart as shown in 

figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Methodology flow chart for identifying potential zones for food security. 

 

2.1 Software and Dataset Used 

Several remote sensing and GIS software may be used to analysis data for food security 

monitoring. The choice of software depends on the user’s ability and the availability of such 

software. ESRI’s ArcGIS 10.1 software was selected because it contained tool for raster 

calculations for evaluating quantitative models. The software strength is in vector data 

processing but suitable for map algebra. It was used to perform image clipping, conversion of 

DN to TOA radiance, derivation of vegetation indices (moisture stress index and water 

supply vegetation index) [24]; [25] and for the compilations of maps. Vegetation indices can 

also be derived using Environment for Visualizing Images (ENVI) software [26] and 

PANCROMA
TM

 [27]. PANCROMA
TM

 can be purchase at subsidized rate from the web link 

www.PANCROMA.com. SPSS was used to compute correlation coefficient of the variables.  

The study was carried out using Landsat 8 OLI acquired on 6
th

 January 2017. Landsat data 

was selected because it is freely available for research purposes and contained bands for 

vegetation analysis. The Landsat imageries were downloaded from its website 

(http://glovis.usgs.gov/) using path 188 and row 57 in zip file. It also contained header file for 

image metadata. The Landsat image selected for download was the precision orth-corrected 

product (LIT) that has been corrected for radiometric and geometric distortions [28]. Image 

was acquired in GMT but was processed in Nigeria local time zone. Also, settlement and 

Etche L.G.A. shape files were obtained from OSGRV on request. Table 1 shows the 

characteristics of the Landsat data used in the study. 

Table 1. Characteristics of Landsat data used for the study. 
Sensor Acqui. Date Acqui. Time Band and Range (µm) Resolution (m) 

Landsat OLI 1/6/2017 10: 45: 23 B3=  GREEN= 0.53 – 0.59 

B4=  RED=      0.64 – 0.67 

B5=  NIR=       0.85 – 0.88 
B6=  SWIR-1= 1.57 – 1.65 

B10= TIR-1=  10.60 – 11.19 

30 x 30 

,, 

,, 
,, 

Resample 

LANDSAT IMAGE 2017 

IMAGE PROCESSING 

CONVERSION OF DN TO TOA RADIANCE 

CE 

VSWI = NDVI/ Ts 

    RESULTS 

MSI = MID IR/ NIR 

CONCLUSION SITE SURVEY 
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2.2  Data Processing 

Processing of remote sensing data is the first phase of any research involving satellite data. 

The image was reshaped from the base bands to reflect the extent of the study area [29]. 

Landsat image bands selected for the study are band 4, 5, 6 and 10 respectively. These bands 

were selected because band 5 and 6 is for healthy vegetation and band 10 is the thermal 

infrared band [28]. Band 4, 5 and 6 of the image has 30m x 30m spatial resolutions and band 

10 has 100m x 100m spatial resolution [28]. But band 10 was resampled to 30m x 30m 

resolution by the data provider prior to the data download. This was necessary to ensure 

uniform pixel cell size in all bands and to enhance further data analysis.  All Landsat data 

have been georeferenced to WRS-1 & 2 at the base station. The WRS-2 was used to reference 

all Landsat OLI, TM and ETM+ [28]; [30]. The referenced system was adopted for this study. 

Similarly, radiometric correction of the satellite image was based on the data source.  

However, in computing vegetation indices for food security assessment, the image was 

converted from digital number (DN) to Top of atmosphere (TOA) radiance which represents 

the actual reflectance from the earth’s surface. The DN (also called digital count or gray 

value) is a dimensionless unit and does not represent any physical quantity [31], hence, the 

need for its conversion. The conversion of image from DN to TOA radiance follows the 

formulae quoted in the Landsat user’s guide and the metadata parameters.  

Landsat OLI conversion to TOA radiance is computed using the formula in Landsat user’s 

guide given as, 

Lλ = ML x Qcal + AL ------------------------------------------------------------------------------------- 1 

 

Where, Lλ is the spectral radiance in Wm
-2

Sr
-1

, ML is the radiance multiplicative scaling 

factor for the band, Qcal is the L1 pixel value in DN and AL is the radiance additive scaling 

factor for the band [28]. The parameters were obtained from the Landsat header file 

containing all the bands in the sensor. 

 

2.2.1 Vegetation Indices (VIs) 

Two vegetation indices were computed from the Landsat image for the determination of 

potential zones for food security. The two indices are moisture stress index (MSI) and 

vegetation supply water index (VSWI). Moisture stress index (MSI) was developed by Hunt 

Jr and Rock, 1989 and the equation was given by, 

Mid IR / NIR          -------------------------------------------------------------------------------------- 2 

 

Where Mid IR is the Mid-infrared band and NIR is the near infrared band of the sensor [32].  

This study used Landsat 8 OLI image for MSI calculation [33], where mid infrared is the 

band 6 and near infrared is the band 5. MSI as the name suggest is used for the analysis of 

leaf stress and crop productivity [33]. Its values ranges from 0 to more than 3 with the higher 

values indicate greater plant water stress as a consequence of less soil moisture contents. 

Green and healthy vegetation usually falls in the range of 0.2 to 2 [32]. Soil moisture is 

defined as the volume of water content in the soil. It is generally influence by the type of soil 

and surface temperature. Also influence by soil hydrology [34]. Soil moisture is a key factor 

in agriculture and help farmers to increase production [35] for the sustenance of food 

security. It can be determine by gravimetric (in-situ measurement) and remote sensing 

method. The remote sensing method is based on the reflected radiation from the leave 

surface. If the soil moisture is deficient, the chlorophyll content in the plant leave will reduce, 

indicating stressed plant [36]. In addition, photosynthetic ability of plant will be affected, 
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thereby impacting on the food security of the affected areas. The following researchers have 

applied MSI in agriculture; [37] used MSI and others indices in soil salinity and hydrological 

drought mapping and [38] used MSI and others indices derived from hyperspectral data to 

study near surface temperature of peatland ecosystems.   

Similarly, vegetation supply water index (VSWI) developed by [39] was given by,  

NDVI/ Ts              ---------------------------------------------------------------------------------------- 3 

 

Where NDVI is the Normalized difference vegetation index and Ts is the remote sensing 

image estimated brightness temperature expressed in Celsius scale. NDVI was first proposed 

by Reuse et al, 1974 [40] and was computed using the equation, 

NDVI = (Near infrared – Red)/ (Near infrared + Red)   -------------------------------------------- 4 

 

Where Near infrared band is the band 5 and red band is the band 4 in the Landsat OLI data. 

NDVI values ranges from -1 to 1 [12] which indicates the variations of green and healthy 

vegetation type in the given area. The higher NDVI value the denser the vegetation and the 

lower NDVI the less dense or absent of vegetation cover. Accordingly, Ts was computed 

from the TOA radiance image using the formula, 

Ts = K2/ In(K1/ Lλ + 1) --------------------------------------------------------------------------------- 5 

 

Where, Ts is the TOA brightness temperature in Kelvin, Lλ is the spectral radiance in Wm
-

2
Sr

-1
, K1 = 774.89K and K2 = 1321.08K are the thermal constants for band 10. The 

parameters ML, AL, K1, and K2 were obtained from the Landsat header file. The Kelvin scale 

image was converted to Celsius scale before applying in the model using the relationship, 

C = Ts – 273.15      -------------------------------------------------------------------------------------- 6 

 

Where, Ts is the Kelvin temperature, and C is the Celsius temperature. The value 273.15°C is 

the absolute zero temperature for converting Kelvin scale to Celsius scale. 

From equation 3, a lower value of VSWI indicates the presence of drought condition [41]. 

The index was designed to study the effects of drought on leaf canopy. [42] highlighted some 

drought indices such as normalized multiband drought index (NMDI), apparent thermal 

inertia (ATI), vegetation condition index (VCI), vegetation health index (VHI), drought 

severity index (DSI), crop water stress index (CWSI), temperature – vegetation drought index 

(TVDI) etc. 

The values of MSI, NDVI, LST and VSWI was extracted using sample tool as points in x, y, 

z (where x and y is the horizontal coordinate and z is the vegetation indices vertical 

component).  It was extracted base on pixel with vegetation indices values as the vertical 

component (z). A total of 945,102 points (x, y, and z) was extracted from each map and was 

used for correlation analysis. Correlation analysis provides a means of measuring the strength 

of relationship between variables (dependent and independent). It is validated using 

correlation coefficient (r) which provides standardized measure of linear association between 

variables [43]. The correlation coefficient (r) ranges from -1 to +1 [44]. For higher positive 

(r) there exist strong positive relationship, and higher negative indicates weak relationship.  

The (r) was computed using SPSS version 17. 

 

3.0 Presentation of Results and Discussion 

The results of the analysis for the determination of potential zones for food security in the 

study area were presented below using table and maps. The maps were reclassified into five 
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classes for easy interpretation. Figure 3 is the moisture stress index (MSI) obtained from 

Landsat image of 2017 showing various potential zones for food security. Very good 

potential zones ranges from 0.118 – 0.170 and was represented on the map with leaf green 

colour. The zones were found in the riparian vegetation of Otamirioche and Ogueche River, 

Siat palm tree plantation and some isolated locations on the map. This zone was followed by 

good potential food security which ranges from 0.170 – 0.221, represented by quetzel green 

colour. The third class was the moderately good zone with values ranges from 0.221 – 0.273, 

represented on the map in tourmaline colour. It is mostly located in the built-up areas. The 

last two zones are the poor and very poor zones ranges from 0.273 – 0.325 and 0.325 – 0.376 

respectively. These zones are small in area compare to other three classes. The minimum, 

maximum and mean values of MSI are 0.118, 0.378 and 0.177 respectively as shown in table 

2.  

 
Figure 3. Moisture stress index (MSI) map derived from Landsat 2017 image used in the food 

security assessment. 

 

Figure 4 is the NDVI map from which VSWI was computed. The minimum, maximum and 

mean NDVI values are -0.237, 0.246 and 0.107 respectively as shown in table 2. The very 

low or lack of green vegetation on the map ranges from -0.237 - -0.140 and was depicted in 

lemongrass colour. It was preceded with low green vegetation class that ranges from -0.140 - 

-0.044 and was represented with light apple colour. The moderately high and high green 
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vegetation classes ranges from -0.044 – 0.053 to 0.053 – 0.150 on the map. The last class was 

the very high green vegetation that ranges from 0.150 – 0.246 and was represented with leaf 

green colour. It was mostly located in the northward and along the two main rivers. 

 
Figure 4. Computed normalized difference vegetation index (NDVI) map used for the 

derivation of vegetation supply water index (VSWI) from 2017 image. 

 

Figure 5 was the derived land surface temperature from which VSWI was generated. The 

LST was reclassified into five classes ranging from very low to very high temperature. Very 

low class occurs in the range of 22.262 – 23.869°C and was depicted in autunite yellow 

colour. Low LST class ranges from 23.869 – 25.476°C as represented with fuchsia pink 

colour. Finally, very high LST class ranges from 28.691 – 30.298°C and was depicted on the 

map with mar red colour. 
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Figure 5. Computed LST map used for the derivation of vegetation supply water index 

(VSWI) from 2017 image. 

 

The reclassified map of VSWI produced from NDVI and LST was shown in figure 6. The 

map was reclassified into five classes ranging from very poor (very high drought) to very 

good (very low drought) food potential zones. Very poor potential zone ranges from -0.010 - 

-0.006 and was represented with fire red colour. It is located in the built-up areas with high 

human activities. The poor food security potential zone (high drought) ranges from -0.006 - -
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0.002 and was depicted on the map with fuchsia pink colour. This class was located within 

the neighbourhoods of built-up areas. The third class was the moderately good potential zone 

(moderately high drought) ranges from -0.002 – 0.002 which was shown on the map with 

sugilite sky colour. The good potential class ranges from 0.002 – 0.006 and was represented 

with peridot green colour. This class occupies the greater percentage of the map. Finally, very 

good potential zone was in the range 0.006 – 0.011 and was depicted on the map in leaf green 

colour. It was mostly located in northern part of the map such as Amaka, Umuede, Isu-Etche, 

Ibodo, Umuoye etc.  

 
Figure 6. Vegetation supply water index (VSWI) map for vegetation drought mapping 

derived from NDVI and LST. 

 

Table 2 shows the statistics of individual model. The statistics shows the minimum, 

maximum and mean values for each model derived from the image. The correlation 

coefficient (r) for MSI and VSWI was -0.668, MSI and LST was 0.865, LST and NDVI was -

0.535 and VSWI and LST was -0.577. It was designed to evaluate the relationship between 

calculated quantities. 
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Table 2. Model statistics of MSI, VSWI, LST and NDVI maps derived from Landsat 2017 

image. 
STAT. DERIVED MAP  

MSI VSWI LST (°C) NDVI 

MIN. 0.118 -0.010 22.26 -0.237 

MAX. 0.376 0.011 30.30 0.246 

MEAN 0.177 0.004 24.49 0.107 

r MSI and VSWI =-0.668 MSI and LST =0.865 LST and NDVI =-

0.535 

LST and VSWI =-

0.577 

 

3.1 Discussion 

MSI map shows very good zone which was located along the river banks, Siat palm tree 

plantation and some isolated locations on the map. The presence of soil moisture was due to 

proximity to water source such as the popular Otamirioche and Ogueche River that 

continuously flood the banks, especially, in the raining season. Secondly, the broad canopy of 

palm tree in Siat palm tree plantation in Isu-Etche and Ogida-Etche also prevent direct 

radiation of the earth’s surface. The approximate area of Siat plantation in Etche only was 

2293ha and extended to Ogueche River. Also in Ihie which is about 2km from Siat 

plantation, very good zone was identified with an approximate area of 217ha. In addition, the 

ADAMA farm project was situated on very good and good potential zones located in Olakwo 

1 and 11, Odagwa, Umugara and Ohanta mainly in ensuring food security. The farm was 

located closed to Imo River which will contribute to soil moisture within the farm and also 

provides water for irrigation purpose. At present, the ADAMA farm has an approximate area 

of 86ha exclusively for cocoa productions. There were also available very good potential 

zones north of ADAMA farm that can support large scale productions of cash crops. This 

area extended from Afara to Ndashi settlements. These locations may support the cultivation 

of palm tree which has become the main source of income in Etche. One of the important 

palm tree by-products is palm oil which constitutes a source of income to the people. Palm oil 

is an essential ingredient in our diet [45] and we need to encourage its production. Others by-

products that may be obtained from palm tree plantation in these potential zones are soaps, 

candles, greases and lubricants, edible fats etc.  

In the built-up areas food security will not be guarantee due to absent of soil water as a result 

of construction and urbanization. Urbanization exposes the soil to direct temperature, thereby 

affecting crop production. It also leads to soil compatibility and loss of soil flora and fauna. 

Soil compatibility increases the rate of runoff which reduces the amount of soil moisture 

needed for crop development.   

VSWI responded same with MSI in assessing potential zone with an observable difference in 

class size. The major difference was that for the VSWI, Siat plantation was categorized as 

good potential zone while MSI categorized Siat plantation as very good potential zone for 

food security. Secondly, the total area represented as very good potential zone for the MSI 

was more in areal extent than that computed as very good potential zone in VSWI. Locations 

that have severe drought conditions become pronounce on the VSWI map. These locations 

are located within the built-up areas. This justified the fact that MSI is preferable in 

identifying potential zones for food security. The very good potential zones were located in 

Ihie, Umuede, Ibodo, west of Ibete and Umuola. These locations indicate absence of drought 

condition due to abundance of soil moisture that will encourage crop production for food 

security. They can support production of cash and food crops in all the seasons (dry and wet), 

considering the period in which the image was captured and the evidence from site survey. 

https://dx.doi.org/10.26808/rs.ed.i10v4.01
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Negative relationships exist between MSI and VSWI which implies that an increase in one 

value leads to corresponding decrease in the other value. For instance, when MSI was 0.173 

(very good potential zone) at location 279600mE, 579750mN, the VSWI was 0.004, 

indicating good zone. Similarly, at location 283350mE, 563820mN, the MSI and VSWI was 

0.208 and 0.004 respectively. The strong negative correlation coefficient (r) -0.668 implies 

that as the soil moisture increase the soil drought condition becomes lesser. However, there is 

a strong positive relationship between MSI and LST, implying that an increase in soil 

moisture leads to corresponding decrease in LST. At location 303660mE, 569880Mn, LST 

was 22.87°C while MSI was 0.149 (very good potential zone). Similarly, at location 

294270mE, 546360mN LST was 27.94°C while MSI was 0.235 (indicating moderately good 

potential zone). 

 

4.0 Conclusion 

Remote sensing technology offers solutions in addressing food security at global scale. Food 

insecurity may be cause over population, drought, deforestation, poor farm management 

practice, outbreak of epidemics such as ebola etc.  Food insecurity is prevalent in Africa 

countries including Nigeria and other less developed nations in the world. With the advent of 

remote sensing and GIS and its applications in agriculture, effective management practice can 

be put in place to address food insecurity globally. This study utilized moisture stress index 

(MSI) and vegetation water supply index (VWSI) in assessing potential zones for food 

security in Etche Local Government Area, Rivers State, Nigeria. The study was conducted 

using Landsat 8 image converted from DN to TOA radiance and site survey data to analysis 

potential zones for food security. The study concluded that MSI produced better results than 

VSWI. MSI computed Siat plantation, greater portion of ADAMA farm and riparian 

vegetation along the river banks as very good potential zones for food security. It is 

recommended that further study should include the analysis of soil samples in all the potential 

zones for the determination of suitable site and soil type for a particular crop.      
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