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Abstract:  
This research assesses rainfed agricultural production in the state of Pernambuco, which has 137 of its 185 

municipalities officially characterized as being part of the semi-arid climate regime. The study classified 

rainfall periods in Pernambuco between 1944 and 2022 and investigated rainfall instability and its impact on 

aggregate productivity, aggregate harvested area and production value per hectare of bean, cassava and maize 

crops. The Auto-Regressive Integrated Moving Average model with Exogenous Variable Inputs (ARIMAX) was 

used, considering rainfall as an exogenous variable. The results showed that rainfall has a direct effect on the 

variables investigated, especially the harvested area. It was proven that in periods classified as normal and 

rainy, productivity, harvested area and production value per hectare showed higher results than those observed 

in the dry periods of, as was the assumption of the research. The study also confirmed that the models developed 

were parsimonious and capable of predicting the variables investigated. The results showed that productivities, 

harvested areas and production values per hectare for beans, cassava and corn experienced greater instability 

during periods of drought. The research also shows that the aggregated production values per hectare for the 

three crops are very low. In dry years, they are even lower than the minimum wage. This result confirms that the 

rural areas of Pernambuco where these crops are mostly grown are very poor. 

Key Word: Climatic region of the Brazilian Semi-arid; resilience of family farming; Edaphoclimatic factors; 

Long periods of drought; High temperatures. 
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I. Introduction  
 The climatic region of the Brazilian semi-arid region is characterized by high temperatures throughout 

the year, with a low temperature range, low relative humidity and rainfall instability, with the systematic 

occurrence of periods considered to be dry, according to the different definitions of this phenomenon 1,2,3. 

From a technical point of view, the climatic regions classified worldwide as semi-arid, anchored in the 

aridity index (AI) based on the work of Thornthwaite (1948)4, are those in which this AI varies between 0.20 

and 0.50. This means that in semi-arid areas the soil is only capable of retaining between 20% and 50% of the 

rainfall that has occurred, given that the AI is calculated from the rainfall/potential evapotranspiration ratio in 

observations of at least 30 years. Potential evapotranspiration measures the evaporation of water precipitated by 

rainfall, through heat, wind and the transpiration of the remaining vegetation. 

From a political point of view, the Brazilian semi-arid climate is based on the definition of the 

Deliberative Council of the Northeast Development Superintendence (Condel/Sudene)5, which in December 

2023 redefined the Brazilian semi-arid region to include 1477 municipalities. In this new redefinition, the state 

of Pernambuco now has 137 of its 185 (74%) municipalities forming part of this climate region 

In the semi-arid region in general, and in the region where the 137 municipalities of Pernambuco are 

located in particular, rainfed crops prevail. These are activities that depend exclusively on rainfall. In general, 

the farmers who practise them do so without having access to technologies that could help them with the 

difficulties that arise when there is a shortage of water or when water availability falls short of what is required 

for the activities that provide them with food security and monetary income6. 
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Among these activities, beans, cassava and corn are the most important in the state of Pernambuco. 

These crops are mostly grown by Pernambuco farmers, especially those located in family farming units7. 

Anchored in these foundations, this research seeks to answer the following questions: 1) Is it possible 

to classify the rainfall observed in the state of Pernambuco into dry, normal and rainy periods between the years 

1944 and 2022, the period for which this research was designed?; 2) Does the rainfall instability observed in 

Pernambuco (Figure 1) in the period evaluated in this research (1944-2022) affect the predictive capacity of the 

production of these crops?.  

 

Figure 1: Location of the State of Pernambuco on the map of Brazil 

 
Source: IBGE (2022) 

 

In order to answer these questions, the research has the following specific objectives: a) To classify the 

rainfall observed in Pernambuco from 1944 to 2022, the years for which IBGE provides information for the 

crops studied, into three specific periods: dry, normal and rainy; b) Evaluate the instability of Pernambuco's 

annual rainfall between the years 1944 to 2022; c) Create models that are capable of making aggregate 

projections of the harvested areas, yields and value of production per hectare of beans, cassava and corn 

between 1944 and 2022; d) To assess how the stability/instability of annual rainfall impacts on the projections of 

the variables harvested areas, yields and production values per hectare of beans, cassava and corn in 

Pernambuco during the period under investigation. 

In addition to this introductory section, the research contains four more sections. The second shows a 

brief review of the literature on the semi-arid northeast. The third section discusses the source of the data and 

the econometric methods applied. The fourth section presents a discussion of the estimated results. Finally, the 

fifth section is dedicated to the final considerations 

 

II. Dryland Production In Pernambuco's Semi-Arid Region 
The Brazilian semi-arid region, characterized by its unique climatic conditions, faces significant 

challenges for agricultural production. The region, defined by irregular rainfall, long periods of drought and 

high temperatures, requires specific management strategies to ensure the sustainability of agricultural activities. 

These climatic particularities have a direct impact on production capacity and the quality of agricultural 

products, making it essential to understand the dynamics involved in order to implement practices that can 

mitigate the adverse effects of the climate. 

Lemos (2015)8 emphasizes that the Brazilian semi-arid region is defined by a unique climatic rhythm, 

marked by low rainfall, dry air, irregular distribution of rainfall concentrated at certain times and long periods of 

drought. In general, the distribution and seasonality of rainfall in the Brazilian semi-arid region are not uniform. 

In the north of the semi-arid region, the rainy season is concentrated between February and May. In the center-

south and west, the rainy season is from December to February. On the eastern side, the rains appear from May 

to August (Marengo et. al., 2019)9. Travassos et. al. (2013)10 define this alternation between dry and wet periods 

as the drought-rain binomial, a fundamental element in the identity of the semi-arid region. 
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The intrinsic characteristics of the region significantly affect agricultural production. Da Silva et al. 

(2019)11 found that the hottest months for the state of Pernambuco caused stressful conditions for dairy cattle, 

with losses being observed in the quality and quantity of food provided to the animals, as well as a decrease in 

food consumption and lactation. 

Duque (1980)12 considers that farming is a high-risk activity, marked by frequent crop losses due to the 

irregularity of rainfall, both in terms of volume and spatial distribution. This climate variability, coupled with 

the prevalence of soils with low agricultural suitability, makes production a constant challenge. 

Studies carried out by Paiva et. al. (2022)13 have highlighted the interconnected effects of climate and 

the economy on livestock farming in Ceará. The research, using the ARIMA model, proved that rainfall 

instability and price fluctuations play a crucial role in the decisions of rural producers in the semi-arid region of 

Ceará. 

Lessa (2023)14 investigated the resilience of family farming in Paraíba in the face of the high rainfall 

variability observed in the state over 120 years (1945-2020). The analysis revealed that, although 40 years of 

this period were marked by droughts, the productivity and aggregate income per hectare of rainfed crops did not 

show a direct relationship with rainfall variability, suggesting the existence of resilience mechanisms that 

allowed farmers to maintain their income even during periods of drought. 

It is therefore a fact that nature has an influence on agricultural production. Edaphoclimatic factors such 

as temperature, rainfall, luminosity and soil quality dictate the rhythm of harvests and the health of crops. Even 

so, in the face of adversity, family farming remains the basis of income for a large part of the rural population of 

the Semi-Arid 15,16. This activity, although limited in its diversity and productivity, guarantees the survival and 

livelihood of thousands of families. 

Therefore, understanding all the factors surrounding production is fundamental to developing public 

policies and management strategies that help producers deal with climatic and economic risks, increasing the 

resilience of agricultural activities and promoting the region's development. 

 

III.  Material And Methods  
The database that underpins this work was drawn up from information extracted from the National 

Oceanic and Atmospheric Agency (NOAA, 2022)17 regarding rainfall data for the period from 1901 to 2020 and 

from the Pernambuco Water and Climate Agency (APAC) for the years 2021 and 2022. Information on the 

crops studied for the years 1944 to 1973 was collected from the Brazilian Statistical Yearbooks (IBGE, various 

years). Data for the years 1974 to 2022 was taken from the Municipal Agricultural Survey18. The period in 

which the data was available spans from 1944 to 2022. The grains that make up the series studied are: beans, 

cassava and corn. 

The variables analyzed in this research are defined as follows: CHt corresponds to the annual rainfall in 

the state of Pernambuco in year t (where t ranges from 1901 to 2022). ARjt refers to the aggregate harvested area 

in hectares (ha) in the state of Pernambuco, obtained through factor analysis of bean, cassava and corn crops in 

year t (with t ranging from 1944 to 2022). The variable PDjt indicates aggregate land productivity (kg.ha-1) or 

simply aggregate productivity, in the state of Pernambuco, for bean, cassava or corn crops in year t, calculated 

by dividing the quantity produced by the area harvested, with subsequent aggregation via factor analysis. 

Finally, PRjtrepresents the aggregate price (R$.Kg), in values corrected for 2023, of the crops studied in year t, 

obtained by dividing the value of production by the quantity produced of the crop in each year. 

 

Methodology applied to achieve objective “a” 

For the classification of rainfall, the methodology used by Lemos and Bezerra (2019)19, Lessa (2023)14 

was followed, where the oscillations of half the standard deviation (SD) around the average rainfall observed 

over the years analyzed are considered, as shown in Table 1: 

 

Table no 1: Classification of rainfall (dry, normal and rainy) according to mean and standard deviation from 

1944 to 2022 
Period Range of variation 

Dry Rainfall < Average over the period – 0,5 Standard deviation (SD) 

Normal Rainfall = Average over the period ± 0,5 Standard deviation (SD) 

Rainy Rainfall > Average over the period + 0,5 Standard deviation (SD) 

Source: Lemos e Bezerra (2019) 

 

Separating periods based on classification alone does not guarantee complete consistency. According to 

Lemos and Bezerra (2019)19, this approach should be validated by applying the regression method, using 

dummy variables to check whether the rainfall averages estimated for each rainy season are statistically 

different. 
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According to Valle and Rebelo (2002)20, the significant impact of including dummy variables in 

econometric analysis is evident. These variables are used to assess the relationship between a dependent variable 

and an independent variable, and are a common statistical technique in regression modeling. As discussed by 

Gujarati and Porter (2011)21, a model that incorporates dummy variables, also known as binary variables, can be 

described as follows: 

𝑌𝑡 = 𝛽0 + 𝛽1𝐷1 + 𝛽2𝐷2 + 𝜇𝑡 (1) 

Such that, 

D1 and D2 are binary variables (dummies) established as follows: 

D1 = 0 in the dry and rainy years; 

D1 = 1 in years of normality; 

D2 = 0 in the dry and normality years; 

D2 = 1 in the rainy years ; 

D1 = D2 = 0 in the dry years. 

In this context, when applying these criteria, the expectation is that the average rainfall during the rainy 

years will be higher, both numerically and statistically, than the years with normal rainfall, which in turn should 

be higher than the rainfall during the periods of rainfall scarcity in the state of Pernambuco, from 1944 to 2022. 

 

Methodology applied to achieve objective “b” 

The level of stability/instability of the rainfall averages for each defined period will be analyzed using 

the coefficient of variation (CV). According to Gomes (1985)22 and Garcia (1989)23, the higher the CV, the 

more heterogeneous or unstable the variable studied, while the lower the CV, the more homogeneous or stable 

the rainfall during the period under investigation. Gomes (1985)22 classified the CV according to Table 2: 

 

Table no 2: CV classification according to its amplitude 
Classificação do CV Amplitude do CV 

Low CV < 10% 

Middle 10% ≤ CV < 20% 

High 20% ≤ CV < 30% 

Very high CV ≥ 30% 

Source: Gomes, 1985. 

 

Thus, choosing to use the coefficient of variance in this evaluation method instead of other measures of 

variability makes it possible to compare disparities or instabilities between variables measured in different units 

24,23,25,26,27,28,29,30. 

 

Methodology applied to achieve objective “c” 

To estimate aggregate projections for bean, cassava and maize crops in Pernambuco in terms of 

harvested areas, productivity and production value per hectare between 1944 and 2022. 

The same technique as Lessa (2023)14 will be used to aggregate the different crops in terms of 

harvested area and productivity: Factor Analysis (FA). Using FA, a weighted average of the aggregate harvested 

area and aggregate productivity will be constructed, the weights of which will be defined using expression (2): 

 

𝑀Aij=(𝑃1×APF𝑗) + (𝑃2×APM𝑗) + (𝑃3×APML𝑗) (2) 

Where: 

MAij consists of the aggregate (weighted) average of harvested area/productivities (i) in year j; 

P1, P2 and P3 are the weights associated with the harvested area/productivity of the crops; 

APFj is the weighted aggregate of the harvested area/productivity of beans in year j; 

APMj is the weighted aggregate of the harvested area/productivity of cassava in year j; 

APMIj is the weighted aggregate of the harvested area/productivity of corn in year j. 

For the aggregate of crop incomes, which consists of the value of production per hectare of harvested 

area, it will be obtained through the linear sum of the production values for each of the crops. Therefore, in 

order to assess the trajectories of the three variables, as well as the effects of rainfall on the projections, it is 

necessary to understand time series. 

 

Methodology applied to achieve objective “d” 

According to Enders (2009)31, a time series is a collection of values, ordered in time {Xt}n t−1 = {X1, 

X2,..., Xn}, which represent the change of a random variable over regular intervals. The main objective of time 

series analysis is to make forecasts. Box, Jenkins and Reinsel (1994)32 emphasize that this methodology 

establishes mechanisms in which future values of a series can be predicted based solely on its present and past 

values. 
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Some fundamental pillars are needed to understand and build accurate forecasting models. Among 

these foundations is the random or stochastic process, defined as a set of observations of random variables 

ordered in time. According to Gujarati and Porter (2011)21 and Wooldridge (2013)33, a stochastic process is 

considered stationary when its mean, variance and autocorrelation structure do not change over time, i.e. they 

remain constant over time. This fundamental property ensures that the statistical characteristics of the process do 

not change over time, allowing for a more robust and reliable analysis. So our first step is to analyze the 

stationarity of the series. 

 

Unit root test 

The unit root test has become popular and widespread in recent years as a way of detecting the 

stationarity of a series. The starting point for analysis is the (stochastic) unit root process: 

 

𝑌𝑡 = 𝜌𝑌𝑡−1 + 𝜉𝑡  (3) 

 

Where Yt is the time series analyzed, e is the value lagged by one period, and t is the error term. 

Knowing that it varies from -1 to 1. By subtracting from both sides, the following is obtained : 

 

𝑌𝑡 −  𝑌𝑡−1 = 𝜌𝑌𝑡−1 −  𝑌𝑡−1 + 𝜉𝑡 

𝑌𝑡 − 𝑌𝑡−1 = (𝜌 − 1)𝑌𝑡−1 + 𝜉𝑡 

𝛥𝑌𝑖𝑡 = 𝜌𝑖𝑌𝑖𝑡−1 + 𝑧′𝑖𝑡𝑌 + 𝜉𝑖𝑡  (4) 
 

 

(4) 

 

Where, is the first price difference; is the lagged price, when for each individual and periods, is the 

deterministic component, which could be zero, one, the fixed effect, or the fixed time trend effect. In simple 

series models, vs. is tested. For = 0, it is assumed that = 1. Therefore, the hypotheses are: 

 

𝐻0: 𝜌𝑖 = 0  vs. 
𝐻1: 𝜌𝑖 < 0, for all i = 1,2, . . . , N. 

(5) 

 

The purpose of the Augmented Dickey-Fuller (ADF) test, equation 04, is to determine the order of 

integration of the series. If the integrated series is of order zero, no modification is needed to apply the 

regression. However, if the null hypothesis is rejected, differentiation will have to be made in order to obtain the 

stationarity process, given the criterion and the number of lags (Enders, 2009)31. 

∆𝑦𝑖𝑡 = 𝜇𝑖 + 𝜌𝑦𝑖,𝑡−1 + ∑  𝜃𝑖𝑘𝛥𝑦𝑖𝑡−𝑘

𝑘

𝑗=1

+ 𝛽𝑖𝑡 + 𝜉𝑖𝑡 (6) 

 

Where is the first differences operator; is the lag length; is a unit specific fixed effect; is a deterministic 

trend. The subscript indexes the cross-sectional units. Under the null hypothesis, there is a unit root, while the 

alternative hypothesis indicates that there is no unit root 21,34. 

If the series Yt, which in this study can take the values of harvested areas, productivity (yield), 

production values per hectare, is stationary, ξt is endogenous white noise. Although it is endogenous white noise, 

this study assumes that ξt is affected by the exogenous variable, precipitation (Xt). This is because it is assumed 

that the unstable temporal distribution of rainfall could cause the residual (ξt), which makes the predicted value 

YP different from the observed value of Yt, to be affected by this exogenous variable (Xt), which is unpredictable 

for cereal production decisions. This can be seen in equation (7): 

 

ξt = f(Xt) (7) 

Thus, the Yt series can be defined according to expression 06, where Yt is the observed series, Yp the 

predicted series and f(Xt) the impact of the rainfall. 

Yt = YP + f(Xt) (8) 

 

Types of Box and Jenkins Models: 

i) Moving average (MA) models: these are those in which ϕ(B) =1 and are said to be MA(q); 

ii) Auto regressive (AR) models: those in which θ(B) = 1 and are said to be AR(p). These models are so called 

because Yt, at time t, is a function of the values of this variable at times prior to t; 

iii) Auto regressive-moving average (ARMA) models are those that have an AR part with an MA part, and will 

have the notation ARMA(p,q); 
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iv) Auto-Regressive Integrated Moving Average (ARIMA) models are those known as integrated ARMA 

models or ARIMA is an extension of the ARMA model class to include the “d” ARIMA differentiation (p,d,q). 

It should be noted that if it is necessary to differentiate a time series “d” times in order to make it 

stationary and apply the ARMA (p, q) model to it, the original time series is said to be ARIMA (p,d,q), as 

shown in item IV. Therefore, the integrated autoregressive time series of moving averages, where “p” denotes 

the numbers of autoregressive terms, “d” the number of times the series must be differentiated before becoming 

stationary and “q” the number of moving average terms 35,21,34. 

To build the ARIMA model that best suits the study, it is necessary to follow the stages of the Box-

Jenkins methodology (Makridakis et. al, 1998)36 shown in figure 01. There are three phases, the first of which is 

known as the identification phase, in which the model is selected by analyzing the data. The second, in which 

the model parameters are estimated and the acceptance criteria checked. The third and final stage, called 

application, is when the model is used in forecasting tasks (Figure 2). 

 

Figure 2 - Time series modeling. 

 
Source: Prepared by the authors based on Gujarati and Porter (2011). 

 

In the data preparation stage, it will be checked whether the series is stationary; if it is not, a 

transformation will be made to make it stationary using the successive differences procedure. Stationarity is then 

checked using theAugmented Dickey-Fuller(ADF) unit root test. Next, the autocorrelation (FAC) and partial 

autocorrelation (FACP) functions of the series are calculated, in addition to the graphical analysis which will 

allow the ARIMA model (p, d, q) to be selected. 

Once the identification stage is complete, the model parameters are estimated. The d parameter refers to 

the number of times the difference between the elements of the series was taken until it became stationary. 

Calculating the autoregressive parameters p and moving average q involves analyzing the FAC and FACP 

functions respectively, as the FAC function will show the peaks that identify p, while the FACP function will 

show the peaks that identify the value of q. Finally, the result of the ARIMA (p,d,q) model is obtained. 

 

ARIMAX model 

The ARIMAX model is a generalization of the ARIMA method with the inclusion of exogenous 

variables (Box and Tiao, 1975)37. In this study, the exogenous variable used is the annual rainfall observed for 

the semi-arid regions of the state analyzed. 

The ARIMAX model is considered multivariate because it adds a linear component to the observations 

of exogenous variables. The main difference between this model and ARIMA is that ARIMAX has, in addition 

to the autoregressive and moving average parameters, the input of exogenous and linear variables 3,35,38,39. 

The ARIMAX model can be understood as a combination of the Auto-Regressive AR(p), Integrated 

(d), Moving Average MA(q) and Exogenous X(r) models, and can therefore be symbolized as ARIMAX (p,d,q,r 

). In this study, the exogenous variable to be inserted is the annual rainfall observed in Pernambuco, assuming 

the hypothesis that temporal instabilities in rainfall affect the forecasting capacity of the variables that define the 

annual production of beans, cassava and corn. A simplified way of mathematically representing this model in a 

generalized form is described in equation (9), which is the application of equation (8) to this research. 
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Yt = [ρ + ƩβjY(t-i) + Ʃθj Є(t-i) ] + [ƩωjX(t-i) + ξt] (9) 

 

In this research, the variables Yt to be predicted as Yp are: harvested area, productivity and production 

value per hectare of grains in the state of Pernambuco between the years 1944 and 2022. The exogenous 

variable (Xj) is annual rainfall. 

 

Identification of the model 

Testing the quality of the adjustments 

Still in phase 2 of estimation and testing, after defining the appropriate values, it is necessary to analyze 

the diagnosis of the residuals (ξt), which must be white noise. When choosing statistically appropriate models, 

one of the criteria is to look for more parsimonious models, with the view that the smaller the number of 

regressors, the better the adjustment model. 

In addition to this, other criteria are used to assess the suitability of the adjusted models for the research 

objectives. These are coefficient of determination (R²), which assesses the percentage of variation in the 

analyzed variable that is explained by the structured model; Pearson's correlation coefficient, which is able to 

verify the proximity between the observed values and the values predicted by the model; percentage of mean 

absolute error (MAPE) which considers the relative error of each forecast, with the aim of comparing the values 

predicted by the model with the observed values of the series, characterizing the forecasting capacity of the 

model adopted; Schwartz's Bayesian criterion (BIC) and the Ljung-Box Q statistic which must be non-

significant at a significance level of at least 10% 35,33. Once these steps have been completed, the forecasting 

model will be used and explored. The estimates will be made using the Statistical Package for the Social 

Sciences (SPSS) software version 20.0 36,33,40,35,34,21. 

 

IV. Result And Discussion  
Results found for the first and second objectives 

The average rainfall for the period between 1944 and 2022 was 898.75mm. The minimum rainfall 

(486.10mm) occurred in 1993. According to IPEA (2009), one of the biggest water rationings in history took 

place in Pernambuco at that time, when the metropolitan region only received piped water once a week. The 

maximum rainfall was recorded in 1985 (1,506.68 mm). The CV was 22.06%, suggesting that the rainfall 

observed for the state of Pernambuco during the period evaluated by this study was highly unstable, on the scale 

defined by Gomes (1985)22. Table 3 shows a summary of these results. 

 

Table no 3: Descriptive statistics for the defined rainfall periods 
Period Range of variation (mm) N° of years Average CV (%) 

Total - 79 898,75 22,06 

Dry Rainfall < 796,27 27 707,72 12,24 

Normal 796,27 > Rainfall < 983,12 31 891,83 6,27 

Rainy Rainfall > 983,12 21 1.154,57 12,48 

Source: Survey results (2024). 

 

In the 79-year analyzed series, it was possible to identify 27 years that were considered “dry”, with an 

average annual rainfall of 707.72 mm and a CV of 12.24%, which is considered midle The “rainy” period was 

identified with a volume of rain greater than 983.12 mm, counting 21 years, with an average annual rainfall of 

1,154.57 mm and a CV characterized as midle (12.48%). The largest number of years (31) was characterized as 

“normal” with an annual average of 891.83 mm and a low coefficient of variation (6.27%). 

Table 4 shows the results of the tests carried out to assess whether the averages of the rainy periods 

created for the research are statistically different. These results confirm the assumptions that guided this 

research, that the average rainfall observed in Pernambuco during the period analyzed can be classified into dry, 

normal and rainy periods. 

 

Table no 4: Result of the comparison between the average rainfall of the periods defined in the survey 
Varible Coefficients T Estatístics sign. adjusted R² 

Constant 707,72 38,178 0,000* 

0,764 D1 184,10 7,261 0,000* 

D2 446,85 15,944 0,000* 

Source: Research results (2024) .*significant up to 1% significance level 
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The evidence presented in Table 4 shows that the average rainfall observed for the years that make up 

the dry period was 707.72 mm. For the years in which rainfall is classified as normal, the average was 891.82 

mm. In the years classified as rainy, the average rainfall was 1,393.12 mm. Graph 1 shows the observed annual 

rainfall for the state of Pernambuco between 1944 and 2022. 

 

Graph 1 - Pernambuco Rain Trajectory 1944 to 2022 

 
Source: Survey results (2024). 

 

Results found for the third and fourth objectives 

The data relating to aggregate productivity and aggregate harvested area were defined based on the 

weighted average of bean, cassava and corn crops and their respective weights, obtained from the factor analysis 

scores shown in Table 5. 

 

Table no 5: Factor scores and weights estimated and used to define aggregate productivity by 

weighted average 

Variables Productivity (kg-ha) Harvested áarea (ha) 

Component scores Weights Component scores Weights 

Beans 0.394 0.345 0.408 0.337 

Cassava 0.350 0.306 0.327 0.270 

Corn 0.398 0.348 0.475 0.393 

Total 1.142 1.000 1.206 1.000 

Source: Survey results (2024). 

 

The aggregate income per hectare comes from the linear sum of the production values per hectare for 

each crop. After this stage, the ARIMAX model was used, considering rainfall as an exogenous variable. 

Table 6 shows the models used to forecast the agregated productivies, aggregate harvested area and 

agregated value of production per hectare of beans, cassava and corn corn in Pernambuco between 1944 and 

2022. The models used are ARIMAX with different parameter configurations. The results are organized into 

three categories: Aggregate Productivity, Aggregate Harvested Area and Aggregate Value/hectare. 

The evidence shown in this table 6 shows that only the series of aggregate harveste areas of the crops 

studied was originally non-stationary. The series was stationarized using differentiation. 

It can be seen that all the statistics that measure the quality of the adjusted models make it possible to 

use them to make projections of the variables studied. The coefficients of determination ranged from 0.504 to 

0.716. The Ljung Box statistics showed that the residuals associated with the estimated models are white noise. 

The MAPE statistics ranged from 7.967 to 19.741, which means they were low.  The BIC statistic ranged from 

2.558 to 20.977, also low, indicating that the models were also parsimonious. The ratio between the observed 

and forecast series ranged from 0.711 to 0.868, which indicates high correlations between these two series. 

The results also confirmed the assumption guiding this study that the rainfall instabilities observed 

between 1944 and 2022 interfered with aggregate yields, aggregate harvested areas and aggregate production 

values per hectare of beans, cassava and maize. 
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Table no 6: Adjusted models to forecast productivity, harvested area and value of production per hectare 

(aggregate) for bean, cassava and corn crops in Pernambuco between 1944 and 2022 

 Agregated Productivity Agregated  area Agregated Value/hectare 

 
ARIMAX (1.0.0.1) 

(no transformation) 

ARIMAX (1.1.0.1) 

(no transformation) 

ARIMAX (1,0,0,3) 

(Natural log transformation) 

Model (p, d, q, r) 1.0.0.1 1.1.0.1 1.0.0.3 

Constant 2755.129* 0.000 0.000 

AR (1) 0.686* -0.344* 0.708* 

MA (1) 0.000 0.000 0.000 

Rainfall 0.737* 92.521* 0.363* 

Delay 0 0 3 

Diference 0 1 0 

R² 0.508 0.716 0.504 

Ljung Box Statistics 11.541NS* 20.977NS** 23.53NS*** 

MAPE Statistics 7.967 15.009 19.741 

Normalized BIC 11.896 20.977 2.558 

Pearson Correlation (r) 0.713* 0.851* 0.711* 

Source: Survey results (2024). Notes: *significance level up to 1%; NS*:not significant  at least to  to 58% 

of significance:  NS**:  not significance at least to 22% of significance; NS*** (not significant level at 

least  to 15% 

 

A Table 7 shows the estimated averages values to  aggregated productivity, aggregated harvested area 

and aggregated value per hectare (USD of december 2022) of bean, cassava and corn in different periods 

defined in this study (dry, normal and rainy), as well as the coefficients of variation (CV) for each variable and 

period analyzed.  

Table 7 also shows the average equivalents of production values per hectare, valued in 2022 annual 

minimum wages. As you know, the production value per hectare can be understood as an approximation of the 

gross income per hectare generated by the three activities studied. 

 

Table no 7: Effects of annual rainfall fluctuations on average in USD of December 2022 and annual 

minimum wage (MW) from 2022 of agregated productivity, agregated harvested area and agregated 

value per hectare in Pernabuco between 1974/2022 

 
Aggregated 

productivity 
Aggregated harvested area Aggregated Value 

 

Period 
Average 

(kgha-1) 

CV 

(%) 

Average 

(ha) 

CV 

(%) 

Average 

(USD/ha-1) 

Average 

(MW) 

CV 

(%) 

Dry 3197.88 17.42 164499.60 24.98 2271,74 0.81 31.88 

Normal 3511.15 13.00 176556.31 36.97 2456,95 1.67 35.57 

Rainy 3574.90 6.54 243299.91 23.23 2503,43 1.81 46.06 

Source: Survey results (2024). 

 

Confirming the assumptions on which this research was based, the average aggregate productivity tends 

to be higher in the rainy (3574.90 kgha-1) and normal (3511.15 kgha-1) periods compared to the dry period 

(3197.88 kgha-1). It can be seen that the coefficient of variation is higher in the dry period (17.42%), indicating 

greater variability in productivity during this period. It is therefore suggested that productivity is more sensitive 

to drought confirming the supositions made to constructo this study (Table 7). 

The average aggregate harvested area is  lower in the dry period (164499.60 hectare) compared to the 

normal (176556.31 hectare) and rainy (243299.91) periods. The estimated CV for the areas harvested in normal 

rainfall years was classified as very high, according to Gomes (1985). For the rainy and drought periods, the 

CVs were classified as high, according to that author. These results suggest that the areas harvested, which are 

generally smaller than those planted, were very sensitive to rainfall instability in the state of Pernambuco during 

the period evaluated. (Table 7). 

The production values per hectare estimated for the three periods are quite low. It can be seen that in 

the rainy years, the aggregate annual value of production per hectare (USD2503,43) was the highest observed, 

and represented only 1.81 of the annual minimum wage measured in 2022 values. In drought years, this variable 

represented only 81% of the annualized minimum wage, with a value of just USD2271.74. (Table 7). 

 The evidences from Table 7 also show that the aggregated value of production per hectare of beans, 

cassava and corn in Pernambuco in the period from 1944 to 2022 were quite unstable, in all three periods in 

which rainfall was classified for the state. In fact, all the estimated CVs, were classified as very high according 

to the metric created by Pimentel Gomes (1985), ranged from 31.88% in dry years to 46.06% in rainy years 

(Table 7). 
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The variability, as indicated by the coefficients of variation, suggests that producers face significant 

challenges, especially during the dry season, when the the agregated value of production/ha  and harvested area 

are more unpredictable (Table 7). 

 

V. Conclusion  
By analyzing rainfall data between 1944 and 2022, it was possible to classify rainfall into three distinct 

periods: dry, normal and rainy, each of which, given its specific characteristics, influences agricultural 

production and the socio-economic well-being of the region. 

It was also possible to verify that the rainfall instability observed in Pernambuco during the period 

evaluated affects the predictive capacity of the production of these crops. Therefore, the study of rainfall 

variability and its impact on agricultural crops in Pernambuco revealed crucial insights for managing and 

adapting to climate change in the semi-arid region. 

The ARIMAX models used proved to be effective in predicting the variability and impact of rainfall on 

agricultural variables used in this research. The exogenous variable showed an influence in all of the variables 

studied. 

Therefore, the results confirmed that rainfall variability has a significant impact on productivity, 

harvested area and production value per hectare of bean, cassava and corn crops. During rainy periods, 

conditions are more favorable for increasing productivity, harvested área and value of production/ha.  

The general conclusion of the research is that these activities, which occupy the majority of farmers in 

the state of Pernambuco, have very low values per hectare, which confirms the high level of poverty in which 

farmers in this northeastern Brazilian state survive. 

The information obtained is valuable for producers, policymakers and water resource managers, 

providing a solid basis for developing adaptation and mitigation strategies. The implementation of rainfall 

resilient agricultural practices and the adoption of water management policies can minimize the negative 

impacts of rainfall variations, ensuring greater stability in production, food security and income for the State of 

Pernambuco. 

Therefore, the research underlines the importance of continuous analysis of climatic variations and the 

adaptation of agricultural practices to climate variability, promoting sustainable development and mitigating the 

adverse effects of climate change. 
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