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Abstract
Some of the consequences of climate change will manifest themselves in temporal and spatial 
variations in precipitation and in an increase in the evaporative demand of the atmosphere, which 
in turn will lead to an increase in the demand for irrigation of agricultural crops. This work 
analyzed the temporal variation of agroclimatic irrigation requirements (AIRs) for corn in DR001 
Pabellón, Aguascalientes, as well as the thermal growth period (TGP) with information from five 
climatological stations with 36 years of records. A base temperature of 9 °C was assumed to 
define three sowing dates: February 15, June 15 and October 15. The AIRs were estimated with 
a climatological station with more records (1943-2018), the Hargreaves method was used to 
calculate reference evapotranspiration and the United States Agricultural Service method was 
used for effective precipitation. The temporal variation (mean and standard deviation) of the AIRs 
was performed by the Rodionov method, by means of the indices of regime changes in the mean 
and in the variance (CSSI). The index values of regime changes indicate that an increase in the 
AIRs began in 1995, for the sowing date February 15, an initial change was observed in 2009 for 
that of June 15, while for October 15 there is an increase in the year 1993 with another in the 
years 2012 to 2018. No changes in CSSI, with evidence of changes in the AIRs, which are 
related to the variation of precipitation and temperature.
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Introducon
The Comision Nacional del Agua (CNA, 2018) considers agriculture the sector with the highest 
amount of water demanded, being around 76% of the total available in the country. A resource 
that tends to be scarce due to human demand and competition by other sectors (FAO, 2012). To 
enable a more efficient and sustainable use of water resources, a greater understanding of water 
use is needed, especially how water deficiencies develop and affect plant growth and productivity 
(Kadambot et al., 2014).

Increasing water productivity in agriculture means increasing crop production per unit of use of 
water resources, improving the competitiveness of producers, and enabling better management of 
water, land, and other resources (Al Hinai and Jayasuriya, 2021). On the other hand, global 
warming is causing changes in the water cycle (Trenberth et al., 2014), for example, with greater 
energy in the Earth’s climate system, evaporation increases and more precipitation occurs, a 
global rate of increase around 2% per degree Celsius of warming is estimated (Trenberth and 
Fasullo, 2012); however, the spatial and temporal distribution is highly variable, as some areas 
will receive more precipitation, but most currently water-scarce regions will become drier and 
warmer (Perry et al., 2009).

An increase in potential evapotranspiration is also estimated, in dry areas it means greater 
desiccation and more intense and lasting droughts (Trenberth et al., 2014). Lopez et al. (2016) 
mention that one of the expected effects of climate change is the modification of precipitation 
patterns, in addition to the decrease in food production as crop cycles are altered, changing 
sowing and harvesting dates, and promoting the proliferation of weeds, pests and diseases in 
crops. With increased demand for water for agricultural use, supply-demand tensions are likely to 
worsen (Perry et al., 2009).

To know the effect on crops, it is necessary to know the irrigation requirements (IRs) (Allen
et al., 2006; Ojeda et al., 2008). Net irrigation requirements (NIRs) should also be estimated
by the potential evapotranspiration of the crop minus effective precipitation, water table inputs and 
moisture changes in the crop’s root zone. To calculate the gross irrigation requirements
(GIRs), it is adjusted with the overall efficiency of the irrigation system and soil washing needs are 
considered (Ojedad et al., 2008).

For the estimation of NIRs, there are different programs, for example, CropWat (FAO, 1992), 
RASPAWIN; SPRITER (IMTA) for real-time irrigation forecasting (Ojeda et al., 1999), some
can even generate irrigation schedules, among others is AquaCrop (FAO, 2012). For Soares
et al. (2018), the hydrological cycle and climate are highly related, so climate variations directly 
influence the rainfall regime of many countries and particularly in Mexico. Martínez and Patiño
(2012) mention that the repercussions of global climate change are observed in the availability of 
water in many agricultural regions of Mexico.

With a forecast of an increase in the average temperature in different regions of Mexico, which will 
imply a scarcity of water resources, the production and yield of crops can be conditioned. The 
tests applied by authors such as Maronna and Yohai (1978); Alexandersson (1986); Gullett et al. 
(1990); Easterling and Peterson (1995) have been used as precedents and are suggested as 
reliable methods of testing homogeneity in climatic time series (Tayanç, 1998).

Normally, these methods developed to detect a regime change, or discontinuity, in time
series, employ statistical techniques, such as Student or Mann-Kendall tests and their updates
(Rodionov, 2004), with different applications (Rodionov and Overland, 2005). Rodionov
(2004) proposed a technique of data processing in a sequential manner, where the number of 
observations are not fixed, but come in sequence, where for each new observation, the check is 
made to determine if it represents a statistically significant deviation that considers the existence 
of a regime change.

Variance changes in climate parameters can have an equivalent or greater impact on ecosystems 
than changes in the mean (Rodionov, 2005). Given the variation of climate, the present work
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analyzed the effect of temporal variations in water requirements of corn crops in DR001 Pabellón, 
Aguascalientes.

Materials and methods
It is assumed that the main effect is given by changes in atmospheric conditions, during historical 
records given a place. Changes in water demand and water deficiencies are affected by 
variations in climate elements, in particular by reference evapotranspiration (ETo), crop coefficient 
(Kc, crop development condition and management) and effective precipitation. The type of soil 
and its storage capacity were not considered in this first approximation.

Descripon of the study area
The Irrigation District 001 (DR001), Pabellón de Arteaga, Aguascalientes, is located in the north 
central region of the state of Aguascalientes, between coordinates 22° 06’ and 22° 17’ north 
latitude and between 102° 13’ and 102° 21’ west longitude, with an altitude ranging from 1 884 
masl to 1 927 masl, it is administered by CONAGUA through the hydrological-administrative 
region VIII, Lerma-Santiago-Pacífico (Figure 1).

Figure 1. Irrigaon District 001 Pabellón de Arteaga, Aguascalientes, Mexico.

Climatological informaon
The historical records of the variables of temperatures (°C) and precipitation (mm) referring to the 
stations within the study area were recovered from the National Meteorological Service (SMN, 
2021), which provides the meteorological information of the country. Through the website https://
smn.conagua.gob.mx/, data (*.txt) of the stations was downloaded from a linking file in KMZ 
format (*.kmz).

Strategy for the acquision of climatological informaon
Stations that had their area of influence within the limits of the DR001, which was obtained from 
geoprocessing in a geographic information system (GIS); through Thiessen polygons that allowed 
them to be identified. Have the largest number of years of record and most current, with at least a 
period of 30 years with data on minimum and maximum temperature and precipitation (Wilhite 
and Glantz, 1985). Verification of the quality and quantity of information, by the graphical method
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to identify the continuity in the series, and analytical method for the percentage of information 
available.

Informaon processing
Through Python programming, the pre and processing of agroclimatic information was carried out, 
as well as to calculate the time series of irrigation requirements. The geoprocessing of the vector 
information was done through the software: ArcGIS Pro, QGIS and Google Earth.

Calculaon of the thermal growth period (TGP)
With the maximum and minimum temperatures available from the five stations that cover the 
study area of the DR001, the average monthly temperatures were calculated and a graph
was made to analyze the base temperature of corn growth of 9 °C that favors the growth and 
development of the crop (Arista et al., 2018), to subsequently determine the period during the year 
where the corn crop will have no limitations in its growth with respect to temperature.

Calculaon of atmospheric irrigaon requirement (AIR)
It was calculated as a difference between crop evapotranspiration minus effective precipitation, 
without considering the type of soil (atmospheric demand only). The calculation of the reference 
evapotranspiration (ETo) was estimated with the Hargreaves formula and the effective 
precipitation with the method of the United States Agricultural Service (USDA), for different 
periods of growth during the period of historical record available in the study area of the 
climatological station 01019, Presa Jocoque, Pabellón de Arteaga. Corn evapotranspiration was 
calculated using the equation recommended by FAO (Allen et al., 2006): ETc = Ks * Kc * ETo.

Where: ETc= is the crop evapotranspiration (mm day-1); Kc= is the dimensionless crop coefficient; 
Eto= is the reference evapotranspiration (mm day-1); and Ks= is the dimensionless coefficient due 
to the effect of the residual water stored in the soil, because it is an irrigation area and it is 
expected that the plants are not subjected to water stress (so its value is assumed at 1). The 
considerations were made in the above equation, and it was simplified: ETc = Kc * ETo. The AIRs 
were estimated from the equation: AIR= ETc-EP Where: AIR= is the effective precipitation (mm).

Estimation of reference evapotranspiration (ETo)

The simplified formula of the Hargreaves method was used ET0 = 0.0023(tave + 17.78)R0 × (tmax--
tmin)

0.5. Where: ET0 = is the daily potential evapotranspiration (mm day-1); tave = is the average daily 
temperature (°C); R0 = is extraterrestrial solar radiation, in tables (mm day-1); tmax = is the 
maximum daily temperature (°C); and tmin= is the minimum daily temperature (°C).

Esmaon of effecve precipitaon (EP)
The calculation was performed with the USDA method with the formulas:

when P<250 mm/period.EP=125-0.1×P when P>250 mm/period.

Where: EP= is the effective precipitation; mm or cm; and P= is the total precipitation mm or cm.

Applicaon of the normality test
The series of corn irrigation requirements was evaluated with the Kolmogorov-Smirnov test 
improved by Lilliefors (Lilliefors, 1967) by means of R, to evaluate the adjustment to a normal 
distribution.
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Temporal evaluaon of agroclimac irrigaon requirements (AIRs)
The methodology proposed by Rodionov (2006) was used through the Excel add-in (SHIFT 
Detection), version 2.1, which was developed in Visual Basic for Applications (VBA) for use in 
Excel 2002, a method that has been used to investigate trends in drought (Cortez et al., 2021). 
Tool available from the website hps://www.beringclimate.noaa. gov/regimes/.

The detection of changes (in the mean and standard deviation) was carried out by means of the 
add-in, the time series of the irrigation requirements obtained was used, it was analyzed with 
different cut lengths of 5, 10, 15, 20, 25, 30, 35 for a significance level of 0.05 and for two 
different Huber weights: 1 and 2.

Results and discussion
Growth period. In the DR001 001 Pabellón, the average temperature exceeds the base 
temperature of corn throughout the year (Figure 2), thermal conditions that favor the growth and 
development of the crop during the twelve months of the year, although the difference is greater 
in the period from March to October.

Figure 2. Behavior of the average and base temperatures for the culvaon of corn in DR001.

Agroclimac irrigaon requirement (AIR)
From the distribution of the AIRs (Figure 3), on the distribution of agroclimatic irrigation 
requirements for different sowing dates presented, the following sowing dates were proposed: 
June 15 (CNA, 2005), February 15 (from the average maximum irrigation requirement) and 
October 15 (beginning of the autumn-winter cycle), period where the irrigation requirements were 
obtained, where a duration of the cultivation cycle of 130 days, respectively, was assumed. On 
the last sowing date (October 15) the end of the cycle occurred in the following year, as shown in 
Figure 3.
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Figure 3. Average irrigaon requirement according to the sowing date with a development period of 
130 days

Temporal variaon of AIRs
For the date of February 15, a minimum requirement of 441.3 mm (in 2015) was obtained, while in 
2011 a maximum requirement of 739.5 mm was found (Figure 4). Similarly, for the date of June 
15 there is a minimum requirement of 113.1 mm (1971), while in 2011 the maximum requirement 
of 489.3 mm was found. Thus, for the date of establishment of October 15, there is a minimum 
requirement of 117.9 mm for the year 1992 and a maximum of 429.2 mm for the year 2008
(Figure 4). In all cases, regardless of the sowing date, it is observed that the highest irrigation 
requirements were obtained after the year 2000.

Figure 4. Temporal variaon of irrigaon requirements in corn for the three dates of establishment 
(1943-2018).

The year 2011 resulted in the highest requirements for both the theoretical date and the spring-
summer cycle. In the modeling of agricultural production under climate change scenarios, it has 
been found that changes at the time of maximum irrigation demand, generated by uncertain water 
availability and increases in temperature, lead to reductions in corn yield (Woznicki et al., 2015), 
thus, changes in the requirements are related to changes in the pattern of sowing and harvesting, 
which affects the expected yield even without water stress.

In the case of the sowing date of February 15, the AIR has a mean of 592.29 mm, with a minimum 
value of 441.32 mm, a value that is above 75% of the requirements calculated for the 
establishment dates of June 15 and October 15 (Table 1). The AIRs for June 15 have a mean
of 282.39 mm, the lowest of the means analyzed. For October 15, the lowest standard deviation
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occurred with a value of 58.92 mm and a maximum value of 429.15 mm, the lowest of the three 
maximum values calculated (Table 1).

Table 1. Stascs of the irrigaon requirement (mm) for each date of establishment.

In contrast, in a study on water balance in traditional irrigated corn in Zaragoza, Spain, during the 
period 2001-2010, where through the simulation of weather data (LARG-WG), the agro-
hydrological model (SWAP), it was concluded that irrigation is sufficient, given the availability
of water. Nevertheless, the simulation of heavy rains, there will be losses due to drainage and 
reduction in transpiration, therefore, also in yields (Utset and Martínez, 2003).

Detecon of changes in the me of the AIRs
The changes in the mean of the irrigation requirements (for February 15) have increased from the 
year 1995 and between the years (2016-2018) in the mean of the AIRs, which depends on the 
parameters (Huber and cut length and level of significance α= 0.05. (Figure 5). With the sowing 
date set at February 15, when considering variations in the adjustment parameters (Huber,
cut length) of the Radionov method and a significance level of α= 0.05 . The results showed 
increases in the AIRs from 1995, when the cut length was set at 15 and 25, while when it was set 
at 10, the increase was observed from 2016 (Figure 5).
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Figure 5. Changes in the mean of irrigaon requirements from 1943 to 2018 with an establishment date 
of February 15.

Given the increases in water demand in crops, techniques are explored to reduce water demand; 
for instance, the application of foliar potassium silicate in combination with irrigation intervals 
every 15 days produces increases in yield and decreases the sheet of water consumed, which 
leads to the improvement of the total irrigation efficiency (Gomaa et al., 2021); however, these 
solutions explored by these authors are based on the incorporation of chemical elements into the 
system, to the detriment of sustainable solutions to improve the health of the productive 
agroecosystem.

The Huber parameter allowed evaluating the outliers (extremes) based on the standard deviation 
and the cut length is the number of years, to evaluate the moving averages. The effect on 
changes in the AIRs involved changes in rainfall and temperature patterns (Figure 6), which is 
reflected in the AIRs (Perry et al., 2009; Trenberth et al., 2014). The increase in temperature 
influences the earlier establishment of crops, where life cycles are shortened and their number 
increases; although this situation can favor the proliferation of invasive species as occurs with
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the corn pest Spodoptera frugiperda (fall armyworm) with its effect on decreasing yields in corn 
(Ramirez-Cabral et al., 2020).

Figure 6. Change in the mean of irrigaon requirements with an establishment date of June 15.

Changes in daily temperature accumulation lead to the modification of sowing patterns; however, 
in a work developed in the Kalamazoo River basin in Michigan, United States of America, when 
experimenting with soybeans and corn, it was found that bringing froward the sowing date 
increased the demand for irrigation due to more water available for transpiration, while delaying 
sowing contributed to decreasing water demand (Woznicki et al., 2015). For the establishment 
date of June 15, increases in AIRs were observed from the years 2008-2009 (Figure 6), with 
respect to the mean. The change of the regime during the record period (76 years), during the 
first 66 years there was no change and a change (increase) started in the last 10 years based on 
the Rodionov method and the configuration of the parameters (Huber, cut length and significance 
level α= 0.05).

When the sowing date was set at October 15, increases in the mean of irrigation requirements 
were observed from 1993 (Figure 7). In the period between 2012-2018, a decrease was obtained 
(or it remains), which depends on the magnitude of the change depending on the configuration 
parameters (Huber and cut length). With respect to the variance (CSSI), no changes in irrigation 
requirements were found; for different dates of establishment, for different cut lengths and Huber 
weighting with a significance level of α= 0.05.
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Figure 7. Changes in the mean of irrigaon requirements between the years 1943 to 2018 with an 
establishment date of October 15.

The distribution of temperature and precipitation in time and space causes different production 
periods, which affect the demand for AIRs of the crop, showing seasonal variations. For example, 
for grain corn in Mexico, there are two production periods, one in January-November (year-
on-year) which represented 59.9% of production and another in May-June with 27%. With the 
states of Sinaloa, Jalisco and Michoacán having the highest percentage, in terms of the value
of production, of 22.1%, 15.7% and 7.3%, respectively (SADER and SIAP, 2020). Where based 
on the results, the mean AIRs have begun changes from the 90s, in the study region. Finally, in 
recent times, the adaptation strategies of corn to climate change are investigated with greater 
intensity, one of the lines that are followed in the development of new varieties is the prediction of 
stomatal responses, since it has been found that corn in the face of extreme water stress reduces 
the size of stomata and the area of stomatal pores, so this knowledge can contribute to anticipate 
the yield of corn in the coming years, to improve decision-making in the management of this crop 
(Serna, 2022).

Conclusions
From the analysis of the temporal behavior of the atmospheric irrigation requirements (AIRs) of 
the corn crop, in three sowing dates in the DR001. Based on the indices of regime changes in the 
mean (RSI) and variance (CSSI) by the Rodionov method, no change in variance was found, but 
in the mean of the AIRs. Based on the index (RSI) in the sowing dates: February 15 there were 
changes in the year 1995 (increase), also for the years (2016-2018), of June 15 the change 
began in 2009 (increase), and on October 15 it was observed in the year 1993 (with increase) and 
in the years 2012-2018 (it decreases or remains, based on the parameters of Huber and cut 
length, with α= 0.05). There is evidence of changes in the AIRs, which are related to the variation 
of temporal and spatial patterns of precipitation and temperature.
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