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Abstract: Exploring the relationship between cereal yield and remotely sensed normalized 

difference vegetation index (NDVI) is of great importance to decision-makers and agricultural 

stakeholders. In this study, an approach based on the Pearson correlation coefficient and linear 

regression method is carried out to reveal the relationship between cereal yield and Moderate 

Resolution Imaging Spectroradiometer (MODIS) NDVI data in the Fez-Meknes region of Morocco. 

The results obtained show strong correlations reaching 0.70 to 0.89 between NDVI and grain yield. 

The linear regression model explains 58 to 79% of the variability in yield in regional provinces 

marked by the importance of cereal cultivation, and 51 to 53% in the mountainous provinces with 

less agricultural land devoted to major cereals. The regression slopes indicate that a 0.1 increase in 

NDVI results in an expected increase in grain yield of 4.9 to 8.7 quintals (q) per ha, with an average 

of 6.8 q/ha throughout the Fez-Meknes region. RMSE ranges from 2.12 to 4.96 q/ha. These results 

are promising in terms of early yield forecasting based on MODIS NDVI data. 

Keywords: normalized difference vegetation index; MODIS; cereal grains; yield prediction;  

Fez-Meknes region 

 

1. Introduction 

In Morocco, agriculture is a crucial sector that contributes significantly to the economy and plays 

an important role in combating rural exodus. It creates nearly 38% of total employment, with 73.7% 

of employment in rural areas, and provides more than 65% of the income for the rural population [1]. 

Its contribution to the country's annual GDP ranges between 11% and 14%, with an average of 12.5% 

over the period 2000-2020 [2]. The main cereal crops are soft wheat, hard wheat, and barley, which 

play a major role in national agriculture, covering around 59% of the national agricultural land area 

[3], which reaches 8.8 million hectares [4]. Cereal farming represents 93% of the cultivated land in 

arid and semi-arid regions, while moister regions and irrigated areas are reserved for high-value 

export crops, influenced by the international division of labor and macroeconomic policies [5]. Given 

that each Moroccan consumes 255 kg of wheat per year, four times the global average [6], imports of 

main cereals increased by 911% between 1971 and 2021 [7]. In this context, early forecasting of cereal 

crop yields is crucial to assist policymakers and cereal marketing institutions in planning imports 

and better coping with global food price fluctuations. This forecast would also strengthen the 

capacities of agricultural importers to manage global food price fluctuations and ensure the 

sustainability of the national cereal market supply. 

The available field data are difficult to use for predicting environmental changes at the regional 

level, as these data are acquired at small spatial and temporal scales and vary in terms of type and 
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reliability [8]. In contrast, remote sensing is capable of providing data in a synoptic manner, with a 

more extensive spatial coverage [9]. As such, remote sensing is an effective tool for obtaining 

information on crop characteristics, estimating cultivated area, and monitoring changes they 

undergo, primarily focusing on crop growth status and final harvest, at a relatively low cost [9]–[11]. 

This technology has been used in the agricultural field since the 1970s [12], [13]. 

Vegetation indices such as leaf area index (LAI), vegetation condition index (VCI), percent of 

average seasonal greenness (PASG), vegetation supply water index (VSWI), normalized difference 

red edge (NDRE), enhanced vegetation index (EVI), and normalized difference vegetation index 

(NDVI) have been widely used to assess plant water stress, tree growth, crop phenology, monitor 

canopy chlorophyll content, and classify terrestrial vegetation cover. Therefore, these indices are 

useful for monitoring vegetation cover health, assessing the impacts of agroclimatic conditions on 

crops, and predicting grain yield based on vegetation greenness level [14]–[23]. Therefore, they are 

useful for strengthening and improving early warning systems.   

The NDVI is a widely used remote sensing index for evaluating vegetation cover due to its 

robustness and sensitivity to vegetation, as well as the availability of long time series from remote 

sensing. There is a strong linear correlation between NDVI and vegetation biomass [24]. However, it 

has limitations, particularly in terms of soil background brightness and saturation in cases of high 

vegetation cover [11]–[13]. It is defined  the difference between the reflectance of the red band (0.66 

μm) and the near-infrared band (0.86 μm), divided by their sum [25]. It was first used in a study 

conducted in the Great Plains of the United States in 1973 [26]. NDVI is considered an important 

predictor of crop yield, especially in rainy areas, while precipitation and temperature have been more 

important in arid areas with low rainfall [27].  

Recently, several studies have been conducted based on NDVI to predict cereal yields, evaluate 

crop phenological characteristics, measure crop canopy coverage, and study ecological responses to 

environmental changes such as drought, flooding, and frost [8], [19], [28]–[34]. 

Currently, satellite data from the National Aeronautics and Space Administration's (NASA) 

Terra spacecraft's Moderate Resolution Imaging Spectroradiometer (MODIS) are freely accessible. 

Through atmospheric correction and cloud filtering by the MODIS scientific team, these data, which 

include NDVI, have created new opportunities for real-time crop monitoring [13], [35]. Given the 

dramatic economic and social consequences of food deficits in Morocco, it is crucial to predict yields 

and monitor the state of agricultural production. In this regard, there are various methods for 

predicting cereal crop yields, including statistical models based on multiple linear regression, where 

NDVI data is used as predictors of yields [9], [22], [29]. 

The objective of this study is to evaluate the relationship between MODIS NDVI data at different 

dates during the period of 2000-2020 and the yield of major cereal crops in the Fez-Meknes region, as 

well as to determine the most favorable date for more reliable prediction of cereal yields in the Fez-

Meknes region. MODIS-derived NDVI data have not yet been utilized for the purpose of predicting 

crop yields in this region.  

2. Materials and Methods 

2.1. Yield data for Main Cereals 

The region of Fez-Meknes was selected for this study due to its significant contribution to 

national production (20%) and the prevalence of cereal crops, which account for 53% of agricultural 

land in the region. The Ministry of Agriculture, Marine Fisheries, Rural Development, and Forestry 

(MAMFRDF) provided statistics on cereal yields in quintals (q; 1 q = 100 kg), cultivated land in 

hectares (ha), and production in tons covering the period from 2000 to 2020 (N=20). The land 

cultivated in cereal crops is concentrated in the province of Taounate and the province of Taza, which 

account for 37% and 19% respectively of the region total. Cereal cultivation is lower in the provinces 

of Ml Yaacoub (10.4%), Meknes (8.5%), El Hajeb (8.03%), Sefrou (6.7%), Boulmane (5.3%), and Ifrane 

(4.5%). Similarly, nearly half of the regional cereal production (48%) is provided by two provinces: 

Taounate, which contributes 30%, and Taza, which contributes 18%. The provinces with remarkable 
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contributions have a large agricultural area reserved for cereal crops, except for Meknes, which only 

allocates 8.5% of its regional agricultural area to cereal crops but contributes 13.7% to regional cereal 

production. This is due to favorable soil conditions, the role of inputs such as nitrogen fertilization 

and pesticides, and the intensive use of agricultural technology during planting, weed treatment, and 

harvesting. The El Hajeb and Moulay Yaacoub regions have 8% and 10% of the agricultural area 

dedicated to cereal crops but produce 12% of the regional production each, as illustrated in Figure 1. 
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Figure 1. Percentage of land cultivated with cereal crops and cereal production by province in the 

Fez-Meknes region. Source of statistical data: MAMFRDF, 2021. 

2.1. Remote Sensing Data 

The MODIS NDVI data for the mean time series for the Fez-Meknes region in this study were 

obtained from the Global Agricultural Monitoring System (GLAM) (https://glam1.gsfc.nasa.gov/ 

(accessed on February 15, 2023)), which provides global NDVI data every eight days in near real-

time. These datasets are derived from satellite images captured by sensors on NASA's Terra 

spacecraft at medium spatial resolution of 500 meter. They undergo atmospheric correction and cloud 

filtering on a per-pixel basis through the efforts of the MODIS science team. This system was 

established in 2000 by NASA in collaboration with the United States Department of Agriculture 

(USDA) as part of the Global Agricultural Monitoring Project, which aims to provide objective and 

regular assessments of global agricultural production forecasts and conditions affecting food security 

worldwide [22], [36]. Using MODIS NDVI data, analysts can track the progress of the growing season, 

perform interannual comparisons of seasonal dynamics, and inform policymakers about the 

agricultural situation. 

2.3 Statistical Analysis 

The relationship between the 8-day NDVI of cultivated land and grain yield was calculated for 

each year of the study and for each province in the region individually using the Pearson correlation 

coefficient and linear regression method. The performance of the model was evaluated using the Root 

Mean Square Error (RMSE) [37]. The results of the correlation coefficients for all regional provinces 

and during different NDVI dates will be illustrated in a table. The color of each cell will depend on 

the value of the correlation coefficient. The results of the linear regression will be presented in graphs 
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that include the regression equations and determination coefficients. The analyses were conducted 

using R studio, Excel 2016, and Origin 2023. For spatial analyses, maps were created using ArcMap 

10.3. 

3. Results 

3.1. Spatial and Temporal Variability of Grain Yield and NDVI 

During the period of 2000-2020, the province of Meknes had the highest grain yield among the 

main cereals, with 22 q/ha. Specifically, wheat grain yield was very high at 23.7 q/ha, compared to 

barley which was 18.6 q/ha. The provinces of El Hajeb, Taza, Ml Yaacoub, Ifrane, and Sefrou also 

recorded average grain yields (respectively 18.5, 17.4, 17.3, 17.09, and 17.07 q/ha). On the other hand, 

the provinces of Taounate (15.5 q/ha) and Boulmane (12.2 q/ha) had low yields. However, the regional 

yield of main cereals remains higher than the national yield. 

The interannual coefficient of variation in the yield of major cereals was highest in the provinces 

of Taza (50%) and Ml Yaacoub (43%). For the provinces of El Hajeb, Meknes, Sefrou, and Taounate, 

it ranged from 37% to 41%. The mountainous provinces of the region recorded relatively lower 

temporal variation, reaching 29% and 31% respectively for the provinces of Boulmane and Ifrane. In 

comparison, the national coefficient of variation was 35% for the period 2000-2020. This indicates that 

most provinces in the region (75%) exhibit higher variability than that revealed at the national level. 

The Fez-Meknes region is quite exposed to the risk of agricultural drought, with the provinces located 

in the plains more vulnerable compared to those in the Middle Atlas Mountains (Ifrane and 

Boulmane). This can be explained by the effect of higher relative humidity at higher altitudes, due to 

the effect of temperature decreasing with altitude. Additionally, local showers tend to affect 

mountainous provinces more than plains provinces. 

The highest average NDVI for the study period (2000-2020) averaged over the growing season 

taken into account in the study (mid-December to early June) was observed in the provinces of 

Meknes and Taounate, with values of 0.54 and 0.52, respectively. The lowest NDVI was recorded in 

the provinces of Sefrou and Ifrane, with a value of 0.42. The temporal variability of NDVI reached its 

maximum in the provinces of Taza and Ml Yaacoub (16% and 18%, respectively), while it was 

relatively moderate in the provinces of Taounate (13%) and El Hajeb (11%). On the other hand, it was 

low in the provinces of Boulmane (CV 8%), Ifrane (CV 9%), as well as in the provinces of Meknes and 

Sefrou (10%). 

The NDVI is largely affected by changes in water availability for crops, which has an impact on 

their final yield. For example, during the 2006-2007 agricultural year, which was classified as dry on 

a climatic level, with a regional average yield of 5.20 q/ha, the NDVI varied between 0.31 and 0.53 in 

the province of Meknes, between 0.26 and 0.44 in the province of Ml Yaacoub, between 0.23 and 0.36 

in the province of Taza, between 0.30 and 0.42 in the province of Ifrane, between 0.26 and 0.48 in the 

province of El Hajeb, between 0.23 and 0.26 in the province of Boulmane, between 0.41 and 0.51 in 

the province of Taounate, and between 0.32 and 0.45 in the province of Sefrou. In contrast, during the 

2012-2013 agricultural campaign, which was classified as wet with a regional average yield of 21.5 

q/ha, the NDVI values rapidly increased during the months of February, March, and April, which are 

decisive months for cereal harvesting. In general, the values varied between 0.58 and 0.74 in the north 

of the region and between 0.28 and 0.57 in the south of the region during these months. It is possible 

to observe differences in the NDVI index between the two agricultural campaigns, from February to 

April, due to contrasting climatic conditions. However, these differences decreased in May as cereals 

entered the senescence phase, a period characterized by a decrease in precipitation and an increase 

in temperatures. This occurred whether it was a dry or wet year, as illustrated in Figure 2. 
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                (a)                                    (b) 

Figure 2. Evolution of NDVI during a dry year (2006-2007) and a wet year (2012-2013). The dry year: 

(a), the wet year: (b). 

3.1. Spatial and Temporal Variability of Grain Yield and NDVI 

The results of the correlation analysis between wheat and barley yields are presented in Table 1. 

Strong relationships were observed at different periods in all regional provinces. The strongest 

relationships (greater than 0.70) were found from mid-January to early April for the province of Taza, 

as well as in the province of Taounate, and from early February to mid-April in the provinces of Ml 

Yaacoub and El Hajeb. Therefore, the cereal harvest can be estimated in these two provinces from 

early winter. In addition, strong and positive correlations were observed in the provinces of Meknes 

and El Hajeb between early March and mid-April. In these provinces, the correlation coefficient 

increased in mid-February into the spring, where it exceeded 0.80. The correlation coefficients 

demonstrated a highly significant relationship between NDVI and yield (probability level of 0.1%) 

between January 16th and April 14th, particularly in the provinces of Taza, Taounate, and Ml 

Yaacoub, and between February 9th and April 14th for the provinces of El Hajeb and Meknes. 

Furthermore, in the mountainous provinces, the strongest link appears between the end of April and 

the end of May, especially for the province of Boulmane, and between the beginning and end of April 

for the province of Ifrane. The coefficients are significant at the probability level of 1% and 0.1% from 

March 5th to May 24th. 

However, very weak correlations were recorded at the beginning and end of the growing season 

in the provinces that were marked by early sowing and are located in the plains and plateaus of the 

Fez-Meknes region, such as Meknes, Ml Yaacoub, Taza, Taounate, El Hajeb, and Sefrou. The 

mountainous provinces recorded positive correlations ranging from moderate to high in May and 

early June due to late sowing and low temperatures. Negative correlations are very rare and were 

recorded only three times (-0.15, -0.11, and -0.01) at the beginning and end of the growing season, 

notably in the provinces of Taounate, Ifrane, and Boulmane (Table 1). 

Table 1. Correlation coefficients between NDVI (from 17 December to 01 June) for cereal-grain yield 

and arable land based on mean data across twenty years (2000-2020; n=20) for provinces in the region. 

The color of each cell is a function of the value of the correlation coefficient; Significant level: 0.001=***; 

0.01=**; 0.05=* 
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Linear regression was applied to the dates with the highest correlation between Modis-NDVI 

and grain yield to predict grain yield in the provinces of the region based on observed NDVI (Figure 

3). Indeed, regression functions varied from year to year, possibly due to sowing dates and weather 

conditions. Regression line slopes ranged from 49 to 87 q/ha per unit, indicating that a 0.1 increase in 

NDVI results in an expected increase in grain yield of 4.9 to 8.7 q/ha, with an average of 6.8 q/ha. The 

correlation between wheat and barley yield and NDVI was very strong, with a regression coefficient 

ranging from 0.77 to 0.89 in the provinces of Taza, Taounate, Ml Yaacoub, Sefrou, El Hajeb, and 

Meknes, indicating that developed models explain 58 to 79% of the variability in wheat and barley 

yields. In the two mountainous provinces of the region (Boulmane and Ifrane), the relationship 

between Modis-NDVI and grain yield was the weakest (R2 0.51 to 0.53). The best prediction model 

was found in the provinces of Taza and Taounate. These results are promising as these two provinces 

produce almost 50% of the region's cereal production. The NDVI in the second and third decades of 

March and the first decade of April, during the grain heading and flowering phase, had the strongest 

impact on the expected yield of rainfed cereal crops in the region. The Root Mean Square Error 

(RMSE) relative to the prediction of cereal yield from regression models varied from 212 to 496 kg/ha 

(2.12 to 4.96 q/ha). 

 NDVI PERIOD r p- value r p- value r p- value r p- value r p- value r p- value r p- value r p- value
18    Dec 0,32 0,163 0,42 0,066 0,35 0,13 0,32 0,172 0,14 0,563 0,28 0,239 0,34 0,15 0,11 0,64

26    Dec 0,40 0,083 0,49 0,026* 0,46 0,043* 0,48 0,032* 0,20 0,410 0,30 0,204 -0,15 0,52 -0,01 0,96

03    Jan 0,37 0,113 0,49 0,029* 0,59 0,006** 0,46 0,041* 0,23 0,337 0,35 0,129 0,07 0,78 0,30 0,21

08    Jan 0,50 0,023* 0,59 0,006** 0,57 0,008** 0,54 0,014* 0,32 0,164 0,45 0,044* 0,34 0,14 0,30 0,20

16    Jan 0,64 0,002** 0,68 0,000*** 0,72 0,000*** 0,71 0,000*** 0,30 0,193 0,52 0,02* 0,44 0,054* 0,37 0,11

24    Jan 0,58 0,007** 0,66 0,001*** 0,71 0,000*** 0,68 0,000*** 0,39 0,092* 0,47 0,037* 0,21 0,38 0,33 0,15

01    Feb 0,65 0,002** 0,76 0,000*** 0,76 0,000*** 0,78 0,000*** 0,60 0,005** 0,56 0,01** 0,46 0,039* 0,31 0,18

09    Feb 0,55 0,011** 0,75 0,000*** 0,79 0,000*** 0,75 0,000*** 0,70 0,000*** 0,63 0,002** 0,46 0,040* 0,29 0,22

17    Feb 0,66 0,001*** 0,78 0,000*** 0,89 0,000*** 0,79 0,000*** 0,77 0,000*** 0,60 0,005** 0,41 0,07 0,16 0,51

25    Feb 0,66 0,001*** 0,78 0,000*** 0,82 0,000*** 0,83 0,000*** 0,72 0,000*** 0,61 0,004** 0,23 0,34 0,32 0,17

05    Mar 0,70 0,000*** 0,80 0,000*** 0,87 0,000*** 0,85 0,000*** 0,75 0,000*** 0,71 0,000*** 0,57 0,009** 0,59 0,005**

13    Mar 0,73 0,000*** 0,84 0,000*** 0,85 0,000*** 0,89 0,000*** 0,70 0,000*** 0,70 0,000*** 0,58 0,007** 0,62 0,003**

21   Mar 0,69 0,000*** 0,82 0,000*** 0,83 0,000*** 0,88 0,000*** 0,70 0,000*** 0,74 0,000*** 0,57 0,008** 0,57 0,009**

29   Mar 0,81 0,000*** 0,85 0,000*** 0,83 0,000*** 0,84 0,000*** 0,68 0,000*** 0,76 0,000*** 0,62 0,003** 0,53 0,015*

06   Apr 0,78 0,000*** 0,84 0,000*** 0,74 0,000*** 0,76 0,000*** 0,70 0,000*** 0,82 0,000*** 0,61 0,004** 0,72 0,000***

14   Apr 0,70 0,000*** 0,76 0,000*** 0,71 0,000*** 0,75 0,000*** 0,75 0,000*** 0,76 0,000*** 0,64 0,002** 0,57 0,008**

22   Apr 0,59 0,005** 0,57 0,008** 0,57 0,008** 0,50 0,026* 0,62 0,003** 0,64 0,002** 0,71 0,000*** 0,59 0,005**

30   Apr 0,40 0,08 0,59 0,006** 0,32 0,16 0,34 0,14 0,56 0,010* 0,57 0,008** 0,61 0,004** 0,71 0,000***

08   May 0,17 0,48 0,34 0,15 0,20 0,39 0,20 0,39 0,42 0,066 0,23 0,329 0,65 0,002** 0,61 0,004**

16   May 0,14 0,56 0,32 0,17 0,05 0,83 -0,11 0,63 0,32 0,174 0,21 0,375 0,62 0,003** 0,61 0,004**

 24   May 0,20 0,40 0,37 0,11 0,14 0,54 0,12 0,60 0,29 0,213 0,23 0,335 0,73 0,000*** 0,58 0,007**

 01   Jun 0,26 0,26 0,38 0,10 0,06 0,81 0,12 0,61 0,26 0,275 0,20 0,409 0,55 0,012* 0,53 0,015*

Meknes Ml Yaacoub IfraneTaza Taounate El Hajeb Sefrou Boulmane
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Figure 3. Relationship between grain yield and NDVI on the dates when their correlations recorded 

the maximum values in the provinces of the Fez-Meknes region. 

4. Discussion 

The aim of this agroclimatic study is to examine the relationship between the NDVI variation 

and cereal yield in the Fez-Meknes region, located in the central-north of Morocco. This region is 

primarily focused on rainfed cereal cultivation, notably wheat and barley, and their by-products such 

as wheat bran and straw, which are essential feed for livestock. Additionally, a comparative analysis 

of cereal production and consumption, particularly for wheat, which is most widely consumed by 

the population at 255 kg/inhabitant/year, shows that the gap is widening in favor of imports, which 

have increased by 911% between 1971 and 2021. As a result, Morocco is dependent on the 

international market, where the import dependence rate has reached 39.8%, while food self-

sufficiency represented 60.2% in the last decade (2012-2021). Therefore, predicting yields is crucial 

for the local population and national economy, as it ensures the country's food security and maintains 

the supply of the national market in main cereals, given the weight of this region in national 

production (20%). 

It appears from the temporal analysis of the strongest relationship between wheat and barley 

yield and Modis-NDVI values through the correlation coefficient in the region of Fez-Meknes (r= 0.70 

to 0.89) that it is lower than that obtained by [22], where they exceeded 0.90 in some months. 

However, our results are superior to those noted by [29] in their study of the relationship between 

Modis-NDVI and grain yield of crops in semi-arid and subhumid agroclimatic zones in Canada (r = 

0.48 to 0.78). The coefficients of determination obtained in most provinces of the region (R2 = 0.58 to 

0.79) are higher than those observed by [22] in Central Europe, where the authors found that the R2 

of the relationship between cereal yield and NDVI of the total agricultural surface (R2 = 0.49 to 0.64). 

Furthermore, these coefficients are higher than those found by [15] in Italy, where R2 oscillated 
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between 0.01 and 0.46 in the context of the correlation between AVHRR-NDVI and wheat yield. 

Similarly, [29] found that the coefficient of determination between spring wheat and barley yield on 

the one hand and Modis-NDVI on the other hand varied between 0.47 and 0.90. In relation to our 

study, [35] reported a coefficient of determination (R2) of 0.65 to 0.87 between Modis-NDVI data and 

winter wheat production in the Shandong province of China. Additionally, and closer to our study 

area, [38] observed in Tunisia a coefficient of determination ranging from 0.39 to 0.70 between durum 

and soft wheat yield and NDVI derived from SPOT-Vegetation. 

Cereal yields can be predicted about 3 months before the start of the harvest for the provinces of 

Taza and El Hajeb, 58 days before the harvest for Taounate, 52 days before for Meknes and Ml 

Yaacoub, 40 days for Sefrou and 66 days for Boulmane. It should be noted that the harvest period is 

established according to the date of the prediction obtained by linear regression, taking into account 

the beginning of the harvest in the plain and plateau provinces, which often begins on June 1, and 

July 1 for the mountain provinces. Indeed, the two most productive provinces of the main cereals in 

the region (Taza and Taounate), have predictable yields as early as January with the correlation 

coefficient reaching 0.72, significant at the level α=0.05. This result is similar to that obtained by [39] 

who were able to predict crop yield before 10 weeks. [22] were able to predict the yield of cereals 

(wheat, barley, rye and triticale) 3-4 months before harvest in many Central European countries, 

while [40] were able to predict the yield of wheat and maize 6-8 weeks before harvest in the Tisza 

River Basin in Central Europe. Furthermore, [27] found that wheat yield in Morocco can be estimated 

two months before harvest based on the three factors considered (NDVI/AVHRR, precipitation, 

temperature), to which our results compare favorably despite the use of only one predictor (NDVI/ 

MODIS). This may be in part because MODIS observations have a higher spatial resolution than 

AVHRR and thus may be more sensitive to interannual variation in crop growth. Further research is 

needed to improve our results further by applying the crop mask to the NDVI map.  

Generally, these results are valuable for policymakers who must make decisions regarding the 

planning of cereal imports. This is particularly important in light of  the agricultural sector’s 

vulnerability to climate changes. 

5. Conclusions 

This paper presents an effective system to evaluate the relationship between MODIS NDVI and 

grain yield, and to determine the most favorable date to predict harvest. Crop yield is largely 

dependent on the characteristics of the crop at each stage of development. Strong correlations of up 

to 0.89 were found between NDVI, which is primarily related to observed fluctuations in 

photosynthetic activity, and grain yield of cereals three months before harvest in some provinces. 

The linear regression model explained between 58% and 79% of the variability in yield in regional 

provinces with high cereal cultivation, while it explained between 51% and 53% of the variability in 

mountainous provinces, due to a low useful agricultural area devoted to main cereals. The RMSE 

varies between 2.12 to 4.96 q/ha. The spring season represents the best period for estimating grain 

yield, as it coincides with the heading and flowering phase of the main cereals. The results presented 

demonstrated a highly significant relationship between MODIS NDVI and grain yield. These results 

are promising in terms of early yield prediction, especially since wheat flour consumption in Morocco 

is three times higher than the world average. Thus, remote sensing plays an important role in 

estimating grain yields. Thus, MODIS-NDVI data can be a powerful tool for predicting yield in 

provinces with large agricultural areas dedicated to cereals. They are therefore essential for 

administrations in charge of food security decisions within the Fez-Meknes region or in the country 

in general. 
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