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ABSTRACT

Climate change has been affecting negatively agriculture in various regions of the world. In the
valleys of southern Sonora, Mexico, there have been changes in climate like frost and heat
waves, which have aggravated the presence and incidence of pests and diseases on different
crops. This has also affected crops’ phenological development, with the consequent impact on
yield and quality. Through the technological development of data collection systems of
climatological variables through weather stations, it has been possible to generate large amounts
of climate data in the Yaqui and Mayo valleys. Advances in computing systems have made it
possible to manage, analyze, and interpret climate data. This work aims at applyinga datum
mining technique to create zones of climate influence by using the temperature and relative
humidity of 23 weather stations located in the Yaqui and Mayo valleys during the years 2015 to
2019. Inclusion criteria for the weather stations were data consistency and their representative
location within the region. The data mining technique used was clustering under the principal
components method, by which four zones of climate influence in the region were identified. The
first zone was located in the central part of the region; the second zone in the western part of the
Yaqui Valley; the third zone consists of three of the four stations located in the mountainous
zone of the region; and the fourth zone comprises stations located near the coastal area.

Keywords: Temperature, relative humidity, technological innovation, data mining, cluster
analysis, Yaqui Valley, Mayo Valley, Mexico.

1. INTRODUCTION

The Yaqui and Mayo Valleys in southern Sonora, Mexico, are regions in which climatic
conditions are different, as it has been shown by the survey carried out during the year 1991,
when the incidence of the disease known as karnal bunt of wheat was greater in the Mayo
Valley[1]. The same has happened with appearance and development of stripe or yellow rust[2],
leaf rust[3]and spot blotch of wheat in the two valleys according to the reports generated by the
local boards of plant health.The Yaqui Valley is one of the main regions of agricultural
production in northwest Mexico (27° N, 110° W), it covers the area between the Sierra Madre to
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the East and the California Gulf to the West. The climate is semiarid, with variable precipitation
rates with an annual average of 317 mm and a temperature average of 21°C during the crop
season fall-winter and 30°C for the crop season spring-summer[4].Such valley has a territorial
extension of 2,117,220 ha which represents 11.4% of the total area of the state of Sonora and 1%
of Mexico [5]. The valley is fed by and aquifer with an area of 1,966 km2, where the irrigation
district 041 Rio Yaqui has developed, in the lower part of the basin which is the largest and most
important of Sonora[6].Similarly, the Mayo Valley is located in the extreme south of Sonora,
with an aquifer area of 1,071 km2and is part of the same coastal plane where the Yaqui Valley is
located the to the north and northwest. The irrigation district 038 Rio Mayo has developed from
the lower part of the basin [7].The climate of the region is defined as very warm and desert
climate with an annual temperature average of 23 a 27°C, with a maximum range of 43 to 48°C
duringJune, July and August, and a minimum range of 3.5 to 4°C in Decembre and January. The
annual precipitation average range is from 200 to 400 mm concentrated during July to September
with 70%][8].The most important crops in southern Sonora are wheat, cotton, soybean,
sawflower, and maize.Crop pattern has been modified with increasing are of vegetables due to
economic problems and drought; however, the most important crop continues to be wheat with
an area sown greater than 150,000 ha, and a yield average of 6 t/ha [9].The wheat season
(November-April) is particularly dry and farmers apply an average of 4-5 irrigations during the
crop season.Climate consists of weather factor which determine the activity in the primary
productive sectors, considering the agricultural sector, forestry, and livestock. The availability of
raw material and food coming from these sectors make in great extent, the production models
within the industry which is known as production seasonality[10]. The influence of climate in a
crop is highly relevant, since it does not only depend on the climatic characteristics of the
locality, but also to a great extent upon the conditions over which production takes place[11].
Regarding the wheat crop, temperature is the weather variable with the greatest impact on
productivity[12], but it also might cause adverse effects such as less productivity triggered by
frosts and heat waves[13]. Therefore, wheat in the state of Sonora is the crop that shows a
favorable expression in grain yield, when the occurrence of cold hours is well distributed during
plant growth. Diseases and pests of crops are highly relevant for production, since they can affect
the crops and cause yield losses, such losses reach an annual average of 12-13% [14].Relative
humidity is fundamental in all active stages of phytopathogens; the temperature-humidity
interaction establishes the methodology for the forecast of important diseases[15].Currently,
there is an automated weather station network in the state of Sonora, that serve as a tool for the
decision-making in the agricultural sector. Based on the data and its analysis, it is posible to offer
technical recommendations towards the reduction of the impact of adverse conditions[11]. There
are 113 weather stations which belong to the automated weather station network of Sonora
(REMAS), which has the objective to generate, store, process, and disseminate weather data in
the state. Such weather stations constantly collect data with a frequency of 10 minutes, and
provide integrated data by the hour and day, so that the air temperature (minimum and
maximum)can be evaluated, as well as the relative humidity, precipitation, solar radiation, speed
and wind direction, barometric pressure, and evapotranspiration. Several studies that have been
carried out using the data provided by the weather stations[1], [14], [16], have demonstrated that
the fluctuacion of temperature and humidity between sites in the Yaqui and Mayo Valleys causes
differences in crop yields, and influence the presence and incidence of pests and diseases in
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different areas of the valleys.To describe and predict weather behaviour, statistical tools and
techniques have been used recurrently and systematically, such as the arithmetic mean, simple
determination, standard deviation, hypothesis testing. However, these are limited in order to
have a good analysis and interpretation when compared with more sophisticated techniques such
as data mining[17]. Since the volumen of climatic data increases as the period of time gets longer
for analysis, consequently, the dificulty to handle and interpret such volumen of data, also
increases. There is also the need to have specialized personnel to carry out this type of
analysis.The different techniques for data mining applied to the information from the weather
station network, allow to obtain knowledge and it is very useful for decision-making, such as the
generation of tendency rules based on precipitation and temperature, and also for calculation of
damage severity in areas affected by fire, flooding or any other climatological event[18].Cluster
analysis is one of the statistical procedures used for group segmentation, defining groups as
different as possible in function of the data without previous specification[19]. Therefore, zoning
orsecctioning the climate has evolved, since there is analysis with statistical facts so that the
conformation of clases or groups would be more objective, and additionaly help to the
organization of observations with the reduction of the quantity of data to be analyzed[20].The
objective of this work was to carry out a specific analysis of temperature and relative humidity
for each weather station of REMASIocated in the agricultural areas of the Yaqui and Mayo
Valleys, in order to determine zones with related climatic conditions, where prediction models
for production and phytosanitary alerts could help the farmers with a more efficient planning,
less contamination of the environment, and economically profitable with regard to the agronomic
management of their crops.

2. ANTECEDENTS

In other regions, artificial neural networks have been used, as well as decision-making trees, in
order to predict the maximum temperature, precipitation, evaporation, and wind speed[21]. Also,
plant traits (stem diameter, height and plant weight, pre and post flowering, spike diameter, plant
weight in maturity) have been identified which have incidence upon final yield of maize, such as
grain weight, and number of grains per plant[22].Furthermore, neuronal networks have also been
used for evaluation of the area sown (wheat and potato) in function of time and precipitation, and
the production in function of time, precipitation, and area sown[23].Studies on the climate have
used a variety of data to define the types of climate, and to deliniate zones with similar
characteristics, such the case of Turkey were current climatic zones were redifined through the
data mining technique with cluster analysis, and as a result, not only differences in climate were
determined, but also social and economic variables[24]. In the year 2015 the geographic
information system and the process of analytical hierarchy were used for zoning in the Golestan
province in northern Iran, basedon factors such as average temperature, minimum and maximum,
slopes, soil characteristics such as organic matter, pH, texture, macro and micronutrients, with
the objective to determine the best areas adapted for wheat cultivation[25].In
Mexico,multivariate methods have been used to identify areas with similar climatic conditions
and to define climatic indexes for Mexico City[26]. Other studies carried out with the help of
application of computer models based on inductive learning and process of quality and
homogeneity, was the obtention of tendency rules for the predictionprecipitation in the state of
Morelos, Mexico[18].The climatic regionalization of the state of Michoacan, Mexico, was also
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accomplished by three different grouping techniques: two-stage sampling (hierarchy), mean-K
(partitional) and Kohonen network, being the variables of influence: precipitation, observed
temperature, maximum and minimum temperature; this because these variables showed
continuous data in a span of at least 20 years[27].

3. METHOD

3.1. MATERIALS

To carry out this work, 23 of the 34 weather stations from REMAS which cover the Yaqui and
Mayo Valleys, were taken into consideration (Table 1). The data set contains a total of
89,400records captured between 2015 and 2019 (inclusive). These records are generated by
sensors that measure several climatic variables, consideringthe variables air temperature(specific
heat grade of the air) and relative humidity (relationship between the amount of water vapor that
an air mass has and the maximum that it could have),since they have a very important role in
relation the appropriate crop development[28], and to the development of pests and diseases[29].

Tablel.Selected weather stations for the analysis

Copb. NAME LATITUDE|LONGITUDE
BLOCK 1936
Y01 SIBOLIBAMPO 27.176391-109.66167
BLOCK 2328 AGUA
Y02 BLANCA 27.106281-109.74821
Y03 BLOCK 1922 27.172271-109.80183
BLOCK 2010 (SANTA
Y04 MARIA) 27.143121-109.90211
BLOCK 1418 (SAN
Y05 VICENTE) 27.280761-109.84066
Y06| BLOCK1703LOTEG6 |27.22619(-110.04359
Y07 BLOCK910(CIANO) |27.36959 (-109.92892
Y08| BLOCK1423LOTE1 |27.28106(-110.25909
BLOCK 1213
Y09 ATOTONILCO 27.3175 [-110.15722
Y10 BLOCK 609 (CAWE) 27.414091 -110.0989
Y11 BLOCK 731 LOTE 20 27.4034 | -110.3426
BLOCK 111 SAN JOSE DE
Y12 BACUM 27.514581-110.11925
Y13| ESTACION CORRAL |[27.61581(-109.92711
Y14 POTAM 27.631221-110.40925
MO01 CHIHUAHUITA 27.106321-109.47862
M02 TESIA 27.129771-109.40153
MO03 SEMAY 27.011191-109.50101
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NAVOBAXIA (LAS
MO04 PIOCHAS) 26.835911-109.68455
HUATABAMPO (LOS
MO5 CUATES) 26.822941-109.59879
MO6 LA REGLA 26.809511-109.52631
TRES CARLOS (EL
MO7 GIRASOL) 26.913421-109.49548
MO8 CAMPETAMAYA 26.965891-109.42393
M09 | SAHUARAL DE OTERO (26.89783]-109.74847

Weather stations starting with Y belong to the Yaqui Valley,and those with M to the Mayo
Valley.

The methodology Cross Industry Standard Process for Data Mining (CRISP-DM) [30]was used
focused on treating the weather data and the implementation of the data mining techniques for
classification. The steps were the following:

3.2. Procedure
3.2.1. Data understanding

Data were obtained from the weather stations located in the Yaqui and Mayo Valleys within the
REMAS platform. Average temperature, relative humidity, maximum and minimum temperature
were selected from each month during the years 2015 to 2019 with the frequency of an hour.

3.2.2. Data preparation

Data concentration of the different variables from the each weather station was performed, with
the objective of selecting weather stations based on the quality of the data, using availability
dimensions, completeness and integrity;besides the representation of the agricultural area in
southern Sonora.The main inclusion criterium for the records from the weather stations was
consistency of data, that is, the percentage of missing data were less tan 20% (nine stations were
in this category). The analysis was performed with SAS Studio. Weather stations in Blocks 2732,
720, and Pueblo Mayo were also discarded since geographically, they are not representative of
the agricultural area in southern Sonora.

3.2.3. Modeling

In this stage, the data mining technique called cluster analysis was usedthrough main
components (MC) in SAS Studio. Main components is an objective statistical technique for
classification which tends to gather a group of objects in groups or clusters, whose members are
more similar between them than with other objects from different groups [20].The purpose is to
reduce a dimensional space pto a new dimensiond, wheredis much smaller thanp, but at the same
time it represents as much as possible data variation[31]. That is, data are transformed into a new
set of coordinates or variables which are a lineal combination of the original variables.In SAS
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Studio (PROC VARCLUS), each cluster component is calculated from a set of variables which
is different to all other cluster components. The first main component of a set might be correlated
with the first main component from another set. In the analysis of main components, the
covariance matrix is analyzed where variables with greater variations are more important in the
analysis, and by a dendrogram (diagram of hierarchy tree groups) the results are shown, with the
hierarchy of clusters as they are being built[32].

3.2.4. Variables evaluated

Each cluster was analyzed in order to describe the microclimate through the average air
temperature, maximum and minimum temperature and average relative humidity of each cluster
identified.

4. RESULTS

After the evaluation of all the variables in a single cluster, the total explained variation was
22.62; therefore, the explained variance by the variables from a group is similar to the explained
variance by a factor in the common factorial analysis, which unlike this, it only includes
contributions by the variables in the group instead of all the variables, which represents to a great
extent part of the variability of the data as possible[32].Then, the cluster was divided into two
groups. Each variable was established to the component which has the highest grade of
relationship among variables, so that 13 stations made the first group and 10 in the second group
(Table 2).

Table2. Summary for two clusters

Cluster 1 2
Members 13 10
Explained variation 12.83 9.85
Explained proportion 0.98 0.98
Second autovalue 0.04 0.04

To a variance proportion of 0.98, cluster 1 it is divided into two subgroups because it has the
second hightest autovalue; group 2 is divided into two because the proportion variance is 0.98
the highest of the three groups, making a total of four groups[32]. The way in which the weather
stations are making the clusters is shown as a dendrogram in Figure 1.
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Figure 1. Dendrogram from the analysis of weather stations.

Table 3 shows the name of the weather stations belonging to each group, the explained variation,
explained proportion, and the final proportion which represents the total explained variation
divided by the sum of the group variation, generating a result of 0.99. This value indicates
approximately that 99% of the data are used to obtain the information, and explains the four
clusters found.Based on the information from Table 3, zone 1 is characterized by an average
temperature of 23.3°Cand the lowest relative humidity with 59.9%; in zone 2, the average
temperature is 23.2°C and the relative humidity 68.5%; in zone 3 occurs the highest and lowest
average temperature with 37. 7°C and 10.3°C, respectively; while zone 4 is characterized by the
lowest average temperature and the highest relative humidity with 22.9°Cand 72.8%,
respectively.

Therefore, in relation to the division of clusters (Table 3), cluster 1 (blue circles in Figure 2)
comprise stations located in the central area of both valleys; cluster 2 (pink circles) is located in
the western part of the Yaqui Valley;cluster 3 (yellow circles) consists of three out of four
stations located in the mountanais area of the region; and cluster 4 (red circles) comprises
stations located in the coastal area (Figure 2).In relation to the global average of each variable
and the average obtained in each climatic zone, in general, the four zones were closet to the
average temperature of the five years which was 23.21°C. The maximum global temperature was
36.38°C, in which zone 3 had 1.4°Cabove the global average, while zone 4 was lower than the
global average by 1.07°C. It should be considered that it is about climatic conditions and that a
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single temperature grade impacts the agricultural sector, either in a positive or negative way to

crops.

Table3. Characteristics that define the four clusters (the first row represents the clusters).

1 2 3 4
Y01 Y06 Y13 Y04
Y02 Y08 MO01 MO04
Y03 Y09 MO02 M09
c Y05 Y10 M08 -
i S T T -
MO03 Y12 - -
MO05 Y14 - -
MO06 - - -
M07 - - -
EXPLAINED VARIATION 8.91 6.92 3.95 2.97
EXPLAINED PROPORTION 0.99 0.98 0.98 0.99
AVERAGE TEMPERATURE 23.34 23.24 23.65 22.92
MAXIMUM TEMPERATURE 36.24 36.27 37.73 35.30
MINIMUM TEMPERATURE 11.17 11.25 10.33 10.92
RELATIVE HUMIDITY 59.99 68.54 66.29 72.88

Figure 2. Clusters identified in the Yaqui and Mayo Valleys, Sonora, Mexico.
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In relation to the minimum temperature, zone 3 hadan average of 10.5°Cfor the five years, being
lower than the global minimum temperature of 10.97°C. On the other hand, the global average
relative humidity was 68.57%, and consequently zone3had the lowest humidity while zone 4 had
the highest average humidity (Table 4).

Table 4. Average temperatures and relative humidity in the climatic zones identified in
southern Sonora, Mexico, during the years 2015 to 2019.

Zone 1
m 2015 | 23.46
= 2016 | 22.88
:éf 2017 | 23.42
% 2018 23.09
Global 23.12
o 2015 |  35.86
g 2016 |  35.92
g
£ 2017 | 3652
£ 2018 | 3661
£ 2019 | 35.83
= | Global | 36.15
o 2015 | 11.72
§ 2016 |  11.29
3 2017 11.39
£ 2018 | 1082
£ 2019 | 1073
= | Global | 11.19
2015 |  67.26
£ 2016 | 65.75
[ 2017 |  66.84
E 2018 | 67.08
3 2019 |  69.33 68.24
| Global | 67:25 66.07
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5. DISCUSSION

The results obtained might have several important applications. The division in climatic zones or
microclimates would be very useful since in the valleys of southern Sonora, a variety of crops
are sown during the agricultural seasons fall-winter and spring-summer, as well as perennial
crops. Wheat, sawflower, maize, chickpeas, and potato are cultivated during the fall-winter crop
season, soybean, sorghum, beans, and cotton during the spring-summer, and fruit trees like
citrus, pecan, alfalfa, and asparagus are perennial[33]. Looking back at the years 2015 to 2017,
average temperatures and relative humidity have been around to the global anual average,
however, in2018 some months had greater frequency of high temperatures in the mountain
range; also, from the end of 2018 to the beginning of 2019 there were several frosts and the
minimum temperature recorded was around -2°C, but, major damage to the crops did not occur
since the frost period was short. The year 2019 was more humid than the previous four years;
therefore, these results could serve as the basis for the next years where similar conditions may
occur, so that farmers could make decisions on how to handle the cropswhich they intend to
cultivate.On the other hand, the identification of climatic zones may help to determine other
crops subject to be cultivated in each zone, taking into account the most appropriate season for
each crop, as well as the most appropriate for the best phenological development of such crops.It
IS important to point out that there has been studies on the influence of the climate change upon
the development of pests and diseases in southern Sonora, and it has been proved that leaf rust of
wheat has had favorable conditions particularly in the Mayo Valley; it is common that initiation
of its presence in southern Sonora starts in this region[14]; therefore, the identification of
climatic zones is highly relevant in order to generate early or preventive phytosanitary warnings
in relation to the weather conditions conducive for the development of pests and diseases in
diverse crops.Similarly, the division into climatic zones may be of great help to farmers by
making recommendations about the agronomic management of their crops with the objective of
exploiting the yield potential of their crops. That was the case about a study carried out in the
northern part of the Cauca Valley in Colombia, where the region has differences and similarities
between counties, which can be exploited to take competitive advantages, and by doing so,
reduce the social gaps in the region[19]. In the United States the regionalization was also
achieved using temperature and precipitation data with the use of hierarchy cluster analysis,
which indicate that some of the subgroups within the reference groups, lackstrength and some
the tests implicate large and small alterations for the data processing strategy[34].In the state of
Michoacan, Mexico, a climatic regionalization was carried out by using different cluster
techniques of data mining, based on the records of temperatureandprecipitation, where four
regions were found with a high grade of reliability[27].0n the other hand, it is worthy to clarify
that cluster analysis for identification of microclimates in the valleys of southern Sonora,has and
important limititation related with the quality of the data from each of the stations. It is important
to consider that 13 stations were discarded because data for the variables were not complete for
the period of time analyzed.Therefore, as the number of records and the quality increase, it
would be possible to refine the microclimatic zones and to achieve greater certainty about the
boundaries of the identified zones through analysis using other methods such as techniques of the
geographic information system (SIG), multivariat analysis, and Képpen’s climatic classification.
Data from REMAS are open to the public since the year 2015, so, this analysis would be greatly
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benefited if data from previous years would be available in order to reduce the bias by atypical
years.

6. CONCLUSIONS

Four climatic zones or microclimates were identified in the Yaqui and Mayo Valleys in southern
Sonora, Mexico, based on cluster analysis of temperature and relative humidity that occurred
during the years 2015 to 2019.Zone 1 comprises stations located in the central area of both
valleys; zone 2 is located in the western and northern part of the Yaqui Valley;zone 3 consists of
three out of four stations located in the mountain range area of the region; and zone 4 comprises
stations located in the coastal area.In general, the four zones were closeto the average
temperature of the five years which was 23.21°C, but zone 3 showed the highest and lowest
temperatures ranging from 37.23 to 38.15 and from 9.71 to 10.89°C, respectively, while zone 4
showed the lowest temperatures within the highest with a range of 34.87 t035.78°C.The global
average relative humidity was 68.57%; zone 3 had the lowest humidity (66.07%) while zone 4
had the highest (72.86%).
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