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Abstract— To assess the impact of climate change 

different studies were conducted in several regions of 

Morocco. The assessment of climate change and its 

impacts involves the simulation of a range of different 

socio-economic and physical processes. Some of these 

processes are well known such temperature, rainfall, 

storms, etc.., others not. Hence for each modeling step 

researchers need to consider what is known, what is not 

known, and how climate change can be expressed.This 

paper is a contribution to research on climate change 

impact on cereal yield in the last 50 years. The application 

of the multiple linear regression model to a set of time 

series of yield, rainfall, temperature and storm has 

generated significant coefficients that can explain the 

relation between yield and the three climate variables.  

The model output confirms the results of the previous 

studies of yield variability. The positive effect of rainfall 

and the negative one of storm and temperature ware 

recorded. Above the three factors, temperature and storms 

have a negative effect on cereal yield. So more efforts on 

germplasm, crop management and agricultural policy 

measures are needed to alleviate the impact of climate 

change. An estimate coefficient of -4.943 for temperature 

is very indicating the high impact of temperature on yield. 

The R² is around 0.45indicates that more than 55% of total 

yield variability is explained by other factors than rain, 

temperature and storm.  

Keywords— Climate, Rainfall, Temperature, Multiple 

regression, Cereals. 

 

I. INTRODUCTION 

Food security in the world and especially in poor countries 

must be deeply investigated. According to the FAO1, more 

than 795 million people worldwide suffer from hunger, 

which represents one in nine of our planet's inhabitants, the 

majority of them are from developing countries. Thus, sub-

Saharan Africa is the region with the highest prevalence of 

hunger. Indeed, 25% of its population is undernourished. 

This situation will be exacerbated by a number of factors, 

                                                           
1 FAO, 2015 « L’étatd’insécuritéalimentairedans le monde 

 The state of food insecurity in the world) »  

including population explosion, depletion and degradation 

of fertile soil, and the impacts of climate change (CC) on 

agriculture.  CC is the most difficult factor to manage 

because of the various factors to be considered 

(temperature, rainfall, storms and drought). 

In addition, the relationship of impact of climate change on 

food security through affecting agricultural production has 

been addressed by several methods and in various 

contexts. Howden et al. (2007) estimated that climatic 

events can account for 15% to 35% of the overall yield 

change in wheat, oilseeds and coarse grains. Challinor et 

al. (2014) predicted reductions in wheat yield by 45% in 

tropical regions and 15% in temperate zones. 

A study conducted by the World Bank and FAO in 

collaboration with Moroccan institutions has contributed to 

predict the impacts of climate projections on the yields of 

major crops until 2080, based on two scenarios 

Development of the IPCC: (A22)2 and (B22)3. The results4 

indicated that after 2030, and considering the current level 

of technology, irrigated crops, especially fruits and 

vegetables, will benefit from climate change. On the other 

hand, rainfed crops will be negatively affectedby climatic 

variations. It estimates that from 2050rainfedcereals and 

vegetable yields will decrease by 5%, rainfed wheat and 

barley yield by 20%, and rainfed yields by 30%. Yield of 

winter rainfed crops, namely cereals, vegetables and oil 

crops. 

Morocco, like other countries characterized by a generally 

semi-arid climate, is considered among the countries most 

                                                           
2 Pessimistic scenario of demographic growth and 

economic inequality, polluting technologies and 

protectionism. 
3 Optimistic scenario based on local solutions enabling 

economic, social and environmental viability; Reasoned 

demographic growth, slower and more diversified 

technological change, regionalized and more 

environmentally friendly development. 
4 Mélanie Requier-Desjardins (2010), « Impacts des 

changements climatiques sur l’agriculture au Maroc et en 

Tunisie et priorités d’adaptation ( Impacts of climate 

change on agriculture in Morocco and Tunisia and 

adaptation priorities)»CIHEAM Nº56 – Mars 2010. 
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vulnerable to climate change (Giorgi, 2006)5. Several 

studies have been carried out by national and international 

bodies to study the impact of climate change on agriculture 

in Morocco. So, following these findings and in order to 

contribute to the quantification of the impact of climate 

change on agriculture in Morocco, an econometric model 

is applied to a time series on climate factors and yield to 

explain climate change. The main factors used are annual 

mean temperature, average rainfall and storm frequency as 

explain factors and cereal yield trend as variable to be 

explained. The specific objectives of this research are to 

quantify the relationship of each climate change factor and 

the yield of cereal crops and try to explain the weight this 

impact. 

 

II. IMPORTANT DATA ON MOROCCAN 

AGRICULTURE 

According to the official statistics of the Ministry of 

Agriculture6, Morocco recorded, in normal years, about 29 

billion m³ of useful rain in average. Only 20 billion m³ of 

the rain is mobilized (16 billion as surface water and 4 

billion from groundwater). This important potential in 

terms of rain makes Moroccan agriculture directly 

dependent on climate conditions. Indeed, more than 80% 

of the Useful Agricultural Area (8.7 million hectares) 

available to Morocco is occupied by rainfed crops. Thus, 

graph 1 below shows that 83% of the areais located in 

rainfed agricultural ecosystem. Although the strategies and 

measures of the Moroccan government in the last 20 years 

are stimulating irrigated agriculture. More efforts of the 

government are targeting the rational use of water in 

agriculture; Green Morocco Plan has developed projects 

for Pillar I to be supported through this strategy. The new 

Water Economic Plan is one of the power tool used to 

enhance investment in irrigated agriculture using drip 

irrigation.   

Moreover, cereal crops are the most dominant agricultural 

activities in Morocco, particularly in rainfed regions, since 

it occupies more than half of the area. Graph 2 shows that 

cereal crops occupy 52% of total area, followed by fallow 

with 20%, fruit trees with 15% and finally forages, food 

legumes and vegetables occupying respectively 5, 4, and 

3% of area. Cereal area is distributed among Chaouia, 

Abada, Haouz, Tadla, Gharb and Saïs regions (MAPM, 

2014). 

                                                           
5F.Giorgi(2006) «,Climatechangehot-spots». 

Geophysicalresearchletters,vol.33,2006. 
6 MAPM, 2O14 « L’agriculture du Maroc en 

chiffres Moroccan agriculture in figures )(». 

www.mapm.gov.ma 

 

 

Data Source: MAPM ( www.mpam.gov.ma) 

 

III. TEMPERATURE, RAINFALL AND YIELD 

OF CEREAL CROPS IN MOROCCO 

Trend analyses of yield and rainfall for Morocco during 

1961 to 2016 period is presented in graph 3 and in table1. 

It’s clear that significant variation of temperature is 

recorded during the period and coefficient of variation is 

about 26% (Table1). With a coefficient of variation about 

38%, rainfall the variation is very high. For cereals the 

coefficient of variation is about 46%.It’s important to 

notice that different studies have showed that yield 

variability can be, partly, explained by technology. Belaid 

and al. (2005) have estimated that net wheat growth yield 

depends on variety used and weather effect.  
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Graphe1: Distribution of agriculural area by water 
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Table.1 : Characteristics of temperature, precipitation 

and yield of cereals 

 

Yield cereal 

kg/ha Rainfall Temperature  

Mean 1063,3 24,09 17,93 

Median 1009,7 23,023 17,89 

Min 366,6 13,15 16,45 

Max 2122,4 36,39 19,47 

Coeff.Var 0,46 0,38 0,26 

Standard 

deviation  
410,2 5,79 0,66 

Data Source: (BM: http://databank.banquemondiale.org) and (http://fr.tutiempo.net/climat/maroc.html) 

 

IV. ECONOMIC MODEL AND RESULTS 

As mentioned at the top of this article, graph 3 shows two 

important findings, grain yield variation and rainfall 

variability have the same trends. Also grain yield and 

temperature have almost reversed peaks. 

In order to better understand these findings and to 

analysethe relationships that are likely to explain the 

impact of climate change on yields, we try to model 

cereal yield as a function of factors explaining climate 

change. 

A. The context and objectives of the study 

To assess the impact of climate change different studies 

were conducted in several regions of Morocco. It’s 

important to stress that Morocco is involved in climate 

change negotiations under the umbrella of the United 

Nation and has to present communication on the situation 

that occurs in Morocco, so the government is conducting 

several studies using macroeconomic analyses tools and 

others. Several studies have been conducted to explain 

and analyze the impact of climate change on agriculture 

based on the rainfall factor. Indeed, Barakat and 

Handoufe (1998) linked the decline in agricultural 

production to the accumulated rainfall deficit at the mid 

cropping season. Stour and Agoumi used a spatial and 

temporal analysis of temperature and precipitation 

variations to explain global warming. Ouraich and Tyner 

(2014) have developed a regionalized Morocco 

computable general equilibrium model to analyse the 

linkages of climate-induced productivity losses (gains) at 

the level of administrative and economic regions in 

Morocco. The World Bank in collaboration with national 

and international scientists have conducted a deep 

research on climate change impacts on crop yields in 

Morocco (2008). Most of these studies confirm that 

climate projections on Morocco show gradually 

increasing aridity because of reduced rainfall and higher 

temperatures. It is necessary to keep in mind that climate 

models best predict averages rather than extreme values. 

In Morocco aridity will increase and, thus will have 

negative effectson agricultural yields. In our case, cereals 

are more vulnerable to climate change and will be 

seriously affected.  

So this research is a contribution to all these studies with 

specificity of using empirical model that can link climate 

change (temperature, rainfall and storm frequency) to 

cereal yield.  

The global objective of this study is to study the impact of 

climate change on cereal production and assess their 

negative effects on the yield. It is important to test the 

relationship that may exist between cereal crop yields 

trend and the main climate change factors, 

namelytemperature, rainfall and storm frequency.  

B. Research approach 

1. Data collection 

A secondary data based on official statistics published by 

national and international administration (Ministry of 

Agriculture, National Office for Food Legume and 

Cereals, etc..) on cereal trends, temperature, rainfall and 

storm frequency number of storm days for the period 

1980 to 2016 of Morocco. 

2. Multiple linear regressionmodel 

Multiple linear regression is the most common form of 

linear regression analysis.  As a predictive analysis, the 

multiple linear regression is used to explain the 

relationship between one continuous dependent variable 

and two or more independent variables.  The independent 

variables can be continuous or categorical (dummy). 

There are three major uses for multiple linear regression 

analysis. The first, it can be used to identify the strength 

of the effect that the independent variables have on a 
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Graph 3: Cereal yield and rainfall trends 
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dependent variable. Second, it can be used to forecast 

effects or impacts of changes, which is our case. That is, 

multiple linear regression analysis helps us to understand 

how much will the dependent variable change when we 

change the independent variables.  Third, a multiple linear 

regression analysis predicts trends and future values. The 

multiple linear regression analysis can be used to get 

point estimates. The use of the model can define if we 

have a predictive or prescriptive one.  

When selecting the multiple linear regression analysis, we 

assume that’s the model fit.  Adding independent 

variables to a multiple linear regression model will always 

increase the amount of explained variance in the 

dependent variable (expressed by R²). Therefore, adding 

too many independent variables without any theoretical 

justification may result in an over-fit model. The 

assumptions related to the use of this kind of model are: 

 Regression residuals must be normally 

distributed. 

 A linear relationship is assumed between the 

dependent variable and the independent 

variables. 

 The residuals are homoscedastic and 

approximately rectangular-shaped. 

 Absence of multicollinearity is assumed in the 

model, meaning that the independent variables 

are not too highly correlated. 

In the case of this study we have selected the three major 

factors that can inform on the impact of climate change on 

cereal yield. The net impact of climate change variables 

using econometric model was possible by modeling the 

yield variability as a dependent variable and rain, 

temperature and storms as independent variables. A 

multiple linear regression model was estimated using 

ordinary least squares procedure. The model is then 

written as follows:  

 

Yield = f (Rain, Temp, Storms) 

With: 

 Yield: is a continuous quantitative variable, 

representing the yield of cereals in Morocco 

expressed in kg per ha. 

 Rain: is a continuous quantitative variable, it 

represents the average rainfall of each year in mm; 

 Temp: is a continuous quantitative variable, it 

represents the average temperature of each year in ° 

C; 

 Storms: is a discrete quantitative variable, 

representing the number of storm days in each year. 

According to the type of the variables to be used, and 

after verifying the necessary assumptions (linearity, 

normality, multi-collinearity, etc...), the use of a multiple 

linear regression function seems to be appropriate for this 

case. The following computer programs were used: Excel, 

SPSS, STATA ... to run the model and descriptive 

statistics.It should be noted that even in the case of zero 

temperatures or zero rainfall and zero storms in a given 

year, we can have a substantial amount of cereal yields 

due to irrigation. This led us to include a constant in the 

model. Then our model becomes: 

𝑦𝑖𝑒𝑙𝑑𝑐𝑒𝑟𝑒𝑎𝑙𝑠 = 𝛼0 +  𝛼1(𝑅𝑎𝑖𝑛) + 𝛼2(𝑇𝑒𝑚𝑝)

+ 𝛼3(𝑆𝑡𝑜𝑟𝑚𝑠) 

𝑤𝑖𝑡ℎ  ∶  𝛼0, is the constant ;  

𝛼1, 𝛼2, 𝑒𝑡𝛼3are the contribution coefficients to be estimated

. 

C. Results and Discussions 

Table 2 shows the model output and indicates that F value 

is about 8.895 and significant at p<0.005. Then we have 

to reject H0. According to that, there is a statistically 

significant relationship between the dependent variable 

and the independent variables. We can therefore conclude 

that the model with predictor better predict the dependent 

variable than the model without predictors. 

Table.2: Model outputs: Relevance of the equation ANOVAa 

Model Sum of squares DF Average squares F Sig. 

1 

Regression 3,179 3 1,060 8,895 ,000b 

Residues 3,932 33 ,119   

Total 7,111 36    

a. Dependent Variable: Yield 

b. Predicted values: (constants), Storm_trans, temp_trans, rain_trans 

 

Table.3: Model’s output summary b 

Model R R-square R-square adjusted Standard error Durbin-Watson 

1 ,669a ,447 ,397 ,34516 1,837 

a. Predicted values: (constants), Storm, temp, rain 

b. Dependent variable: Yield_trans 

From Table 3, the value of the multiple correlation 

coefficients is 0.669. Then the value R≈ 0.70indicates that 

the data set is well adjusted to the model. The value R² ≈ 

0.45 informs us that the independent variables explain 

http://dx.doi.org/10.22161/ijeab/2.3.11
http://www.ijeab.com/
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about 45% of the variability of the model. The adjusted 

value of R²≈0.40 confirms that the robustness of the 

model is about 40% even if we consider another sample 

from the same population. The Durbin-Watson is equal to 

1.837; witch is close to 2, so the H0 of absence of 

autocorrelation of the errors is accepted. 

 

Table.4: Model outputs: Regression coefficients 

Model Not standardized  

coefficient 

standardized 

coefficient 

t Sig. 

A Standard Error Beta 

1 

(Constant) 19,853 5,798  3,424 ,002 

Rain ,775 ,227 ,451 3,413 ,002 

Temp -4,943 2,034 -,321 -2,431 ,021 

Storm -,459 ,172 -,350 -2,665 ,012 

 

a. Dependent variable :Yield_cereal 

From Table 4, we can conclude the following results: 

- The last column indicates that all coefficients are 

significant at 5% probability level. Then, all 

independent variables contribute significantly to 

the explanation of the variability of the model. 

- The standardized coefficients of "rain", which 

represents rainfall contributes positively to the 

explanation of  yield variability with a relative 

weight of 45%; 

- The independent variable "temp" contributes 

negatively to the explanation of the dependent 

variable "Yield" with a relative weight of 32%; 

- The independent variable "Storm" contributes 

negatively to the explanation of the dependent 

variable "Yield" with a relative weight of the 

order of 35%. 

The non-standardized coefficients (A) allow us to 

reconstruct the equation of the regression line of our 

model. Then it is written as follows: 

 

𝑌𝑖𝑒𝑙𝑑 = 19,853 + 0,775(𝑟𝑎𝑖𝑛) − 4,943( 𝑇𝑒𝑚𝑝)

− 0,459(𝑆𝑡𝑜𝑟𝑚) 

The model output confirms the results of the previous 

studies offactors that affect yield variability. It’s 

important to notice that the model explain more than 45% 

of yield variability and, for sure production technology 

explains the rest. Among the variables which have been 

proposed temperature and storms it’s important to notice 

here negative impacts on cereal yield however few studies 

were conducted on that issues. Agricultural research like 

all innovators is interested in developing appropriate 

technologies such as drought tolerant varieties, no-till 

technology and others. So it’s important to integrate 

research projects on climate criteria that can affect the 

potential of cereal crops.  

According to the model outputs and climate behaviour in 

Morocco, specific actions must be considered. Storms 

frequency in the mountain regions, low rainfall and high 

temperature in the arid and semi-arid regions can be 

considered in targeting government agricultural 

development interventions.   

 

V. CONCLUSION 

In the setting at hand, the multiple linear regression 

applied with the purpose of identifying climate factors 

that affect cereal yield in Morocco. A time series of more 

than 50 years of the variables used in the model was used. 

Even the use of a linear regression it seems that climate 

change has a significant effect on cereal yields.  

The results presented have clearly demonstrated a 

significant link between the main factors explaining 

climate change, namely temperature, rainfall and 

frequency of storms on the one hand and the yield of 

cereals as a dependant variable. By stating that an annual 

average temperature increase of 1% may cause a 32% 

decrease in cereal crop yields, or only 1% decrease rain 

may result in a 45% decrease of yield, and an increase of 

1% of the occurrence of storms per year can cause a 35% 

decrease of cereal yield. Temperature has the high 

coefficient to the others meaning that hot seasons are 

more frequent and are usually associated to drought. If we 

consider the drought of 80’s we had this climate 

phenomena whichhad severe impact not only on cereals 

but also on livestock.    

It’s important to notice that the use of such tool is 

possible since data are available at the ministry of 

agriculture and each regional representative of the 

ministry has its own staff for data collection and 

management. Modelling climate impact can help making 

appropriate interventions and policies. These results 

therefore converge with the alarming forecasts and figures 

that have been putby several national and international 

bodies in relation with climate change assessment and its 

impact on Moroccan agriculture. 
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