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Abstract: 

In the present study analyzed the average and extreme temperatures observed and simulated by 

regional models in the Guadalajara Metropolitan Zone (GMZ), Jalisco, Mexico. Data of daily mean, 

minimum and maximum temperatures of stations in the GMZ during the period 1971-2000 have been 

used to study the observed changes in the average and extreme temperatures. In addition, an 

assessment of future scenarios for the average and extreme temperatures associated with the increase 

in the concentration of greenhouse gases was performed using simulations of a PRECIS regional 

climate modeling to create the climate for present (1971-2000), and future projections for 2020, 2050 

and 2080. Observational analysis of stations suggests warming through increased intensity and 

frequency of hot events and also with the decrease in the frequency of cold events. More than 35 to 

76% of the stations have a tendency to the decrease in the number of cold events and near 39 to 64% 

of the stations show a growing trend in the hot events. The percentage of stations to global warming 

through the rates of intensity of the highs maximums, lowest minimum temperatures is 37 to 70% 

and the 30 to 65% of the stations, respectively. Observational analysis for the GMZ as a whole also 

shows similar results. Anomalies to the average and extreme temperatures per month during the 

period of data show an increase (decrease) in the frequency of hot (cold) events for every month. In 

general, PRECIS simulations under both scenarios A1B and A2 indicate warm events increase and 

decrease of the cold extreme events towards the end of the 21st century. Both show similar patterns, 

but the scenario A2 shows slightly lower magnitudes of projected changes. Temperatures are likely 

to increase in the year, but it is expected that changes in summer to be more prominent.  

Key words: Average and extreme temperatures, scenarios, climate change. 

Introduction 

Since the industrial revolution, a marked increase in the emission of greenhouse gases has been 

mainly CO2 and CH4 in the atmosphere, raising atmospheric temperatures of the Earth's surface. The 

fourth assessment report of the Intergovernmental Panel on Climate Change (IPCC 2007) concluded 

that average surface temperatures have increased 0.74 ± 0.18 °C is considered a linear trend in the 

past 100 years (1906-2005). The rate of warming in the past 50 years is nearly twice that in the past 
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100 years (IPCC 2007), largely attributed to anthropogenic influences. However the fifth assessment 

report of the Intergovernmental Panel on Climate Change (IPCC 2014) estimated a warming of 0.85 

± 0.20 °C, during the period 1880-2012, for which have occurred independently several sets of data. 

In the case of Mexico, the average maximum and minimum temperatures have increased by about 

0.2 °C per decade during the period 1971-2003, for the country as a whole (Ramírez et al, 2015). 

Regional studies on changes in temperature for China (Liu et al., 2004), Japan (Yue and Hashino 

2003), Korean Peninsula (Chung and Yoon 2000), the Mediterranean region (Kutiel and Maheras 

1998; Hasanean 2001), and Europe show consistent patterns with a general warming. The last decade 

of the last century and the first of this century has been the warmest years ever recorded period; the 

phenomenon has been global in nature, although warming trends do not show a great spatial and 

temporal variability. In this study an attempt is made to face current changes and projections from 

models of climate change towards the end of the 21st century for the “Altos de Jalisco” region for 

was evaluation of vulnerability to climate change in the region.  

Jalisco is located in the central-western zone of the country and is bordered to the northwest by the 

State of Nayarit; to the north with Zacatecas and Aguascalientes; to the east with Guanajuato and San 

Luis Potosí; to the south with Colima and Michoacán and towards the west with the Pacific Ocean. 

Jalisco is Mexico's fourth most populous state and one of the most developed states in the country in 

economic, commercial and cultural activities. Its capital is Guadalajara, whose metropolitan area is 

made up of the municipalities of Guadalajara, Zapopan, Tlaquepaque, Tonalá, Tlajomulco, El Salto, 

Ixtlahuacán de los Membrillos and Juanacatlán, making it the second largest urban agglomeration in 

Mexico. 

According to INEGI, the climate in the State of Jalisco ranges from warm sub-humid to temperate 

semi-dry, with sub humid sub-humid with rainfall in summer with the following percentages of the 

state surface: Sub humid sub-humid with rainfall in summer 44.7%, warm sub humid with summer 

rains 23.1%, tempered humid with summer rains 18.5%, 5.6% and semi-dry semi warm and other 

types of climates 8.1%. In the case of the Guadalajara Metropolitan Area (GMZ), the climate is 

temperate sub-humid with summer rains of average humidity (ACw1). Spring is the driest and 

warmest season, with winds in February and March; the rainy season is between May and October, 

presenting storms with intense electrical activity and strong winds and sometimes hail, this season 

the maximums are 26 °C. In spring the days are very warm with maximums above 31 °C are 

numerous, registering warm days even in February. Towards autumn and winter the rains are reduced 

and give way to the sunny days and cold winds of the north. In winter, occasional frost can occur, 

especially on the outskirts of the city, with temperatures as low as -1.5 °C on colder nights, usually 
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during the months of December, January and February.  The climate of the north is warmer and colder 

and with less rain. The southern climate is less warm and less cold and with more rain. 

However, this study determined the description of the Guadalajara Metropolitan Zone according to 

the 1971-2000 climatological normal of the National Meteorological Service (NMS), belonging to 

the National Water Commission (CNA) of The Secretary of Environment and Natural Resources 

(SEMARNAT) of the federal government. The results are based on the 13 stations that are distributed 

in the 8 municipalities that make up the GMZ; there are municipalities that have more than one 

station. It is important to note that the GMZ presents diverse climates, so they are not evenly 

distributed. 

Material and methods 

The data for average, maximum and minimum temperatures for the period 1971-2000 and 1981-2010 

were obtained from the National Meteorological Service (SMN) belonging to the National Water 

Commission (CNA), attached to the Ministry of Environment and Natural Resources (SEMARNAT) 

of a network of 208 meteorological stations distributed in the State of Jalisco. Prior to its processing 

was carried out an assessment of the data quality as a prerequisite for the calculation of the indices, 

since any atypical and wrong value which could have serious repercussions on the analysis of trends. 

Therefore, some basic procedures of data processing to be taken to examine the data of the individual 

stations, it allowed the identification of some extreme outliers and also helped in the identification of 

possible lack of homogeneity and lack of values in the data sets. Metadata files are configured for 

each station to sign doubtful values and track changes in the data sets. All temperature values daily 

suspects were identified by the different quality controls; such as the maximum temperature below 

the minimum temperature, daily values out of four times standard deviations from the average for the 

time of year and also the visual inspection of the historical series. Suspicious records check with 

various data sources, and the erroneous values are replaced by the correct values. The stations used 

in the study are selected based on the quality of the data, the duration of data availability and 

homogeneity to comply with these requirements only 48 stations. (Aguilar et al., 2005;. Kothawale 

and Rupa Kumar 2005). 

Las simulations using PRECIS have been performed to generate the last climate (1971-2000) and for 

future periods of 2020, 2050 and 2080 for two different socio-economic scenarios, both characterized 

by the focused regional development but with priority to economic issues in the first (scenario A2) 

and environmental issues in the second (scenario A1B). A detailed description of these scenarios is 

available in IPCC special report on emissions scenarios SRES, (2000). PRECIS is configured for a 

domain which extends from approximately -101° 28 °W to -105° 42 °W Wests longitude and 18° 55' 

°N to 22° 45' °N North latitude for 0.22° x 0.22° of horizontal resolution. In this study, characteristics  
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of mean and extreme temperatures are investigated to see their future scenarios using data average, 

minimum and maximum temperature daily of PRECIS for baseline (1961-1990) and the A2 and B2 

scenarios 2020, 2050 and 2080. 

An important issue that arises in assessing changes in extremes is objectively define and quantify the 

various types of extremes in the weather elements. The Commission on the World Meteorological 

Organization (WMO) for the team of experts in climatology over climate change detection, 

monitoring and indices (ET-CCDMI) has been coordinating efforts to develop a set of relevant indices 

and make possible their global analysis through regional participation. In this study, some of the 

indices developed by the ETCCDMI are calculated using RClimdex software at each station to assess 

trends and also evaluation using simulations were also PRECIS during the same period. The 

maximum and minimum temperature PRECIS of baseline (1971-2000) data are used to evaluate the 

skills of the model in the representation of the regional climatic characteristics of the ends of the 

temperature on the basis of comparisons with in-situ observations for the State of Jalisco. To eliminate 

possible biases apparent due to the differences in density space between observation and model data 

representations, as well as the methodology, the data from the model have been downgraded to match 

it with the observation network. Mean, maximum and minimum daily temperature of PRECIS data, 

are extracted for the coordinates of the respective station real observational data are available. In 

addition, similar approaches in diagnostic analysis have been applied to both models, as well as sets 

of observed data. 

For the comprehensive analysis, the monthly average rates for the State of Jalisco spatially aggregated 

are taking the simple arithmetic mean of the respective rates of all stations analyzed to see changes 

in the annual cycle. Trends were calculated for each station and for all Jalisco State on time series for 

all indices of average and extreme temperatures. Extreme indices usually do not follow a Gaussian 

distribution, and therefore a simple linear least-squares trend estimate would not be appropriate. 

Therefore, estimators based on statistical range non-parametric Mann-Kendall slope are used to test 

the significance of the long-term trends in the series of time (Sen, 1968). These tests are widely used 

in environmental science, because they are simple and do not assume a distribution of residuals, to 

the effect of extreme values of the series, and they can cope with the values and the lost below a limit 

of detection values. 

Results and discussion 

According to statistics from GMZ, this is located at an average of 20.68 °N latitude, ranging between 

20.45 and 20.90 °N; and an average length of 103.31 °W located between 103.45 and 103.07 °W. 

The average altitude is 1523 meters above sea level ranging between 1044 and 1655 meters, with an 

average temperature of 20.4 °C with ranges between 17.5 °C and 24.0 °C, the minimum average 

Water-19, Paris, 22-24 July 2019 Pag. 8 



temperature GMZ is 12.5 °C with extremes between 9.5 and 15.8 °C. the average maximum 

temperature is 28.4 °C with extremes between 25.5 and 32.1 °C (Fig. 1). The average precipitation is 

909.3 mm with extremes between 768.8 and 1011.2 mm, while the average evaporation is 1947.8 

mm with oscillations between 1498.9 and 2324.6 mm (Fig. 2). During the year an average of 83.6 

days occurs with rainfall with extremes between 72.6 and 92.8 days. Meanwhile, the average number 

of days a year with fog is 28.9 with oscillations between 6.7 and 52.8 days. The average number of 

days with hail in the GMZ is 1.6 days with extremes between 0 and 2.9 days. As for thunderstorms it 

presents 19.5 days in average and extremes of 0.4 to 53.5 days. Finally the average relative humidity 

is 56.8% with extremes between 50.8 and 63.4% (Fig. 3). As for the classification of E. García the 

state presents the following climates: Semi-dry, semi-warm, Warm, Sub-humid, temperate, warm, 

dry, humid subtropical and semi-arid and some combinations of them as semi-dry semiarid and 

temperate semi-dry. 

Figure 1  Average temperatures of the climatological normal of the period 1971-2000 for the GMZ. 

Figure 2 Average precipitation of the climatological normal of the period 1971-2000 for the GMZ. 
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Figure 3 Average relative humidity of the climatological Normal of the period 1971-2000 for GMZ. 

Municipalities of GMZ 

An analysis of the municipalities of the Guadalajara Metropolitan Zone was carried out. The 

municipalities characterized were: Guadalajara, Zapopan, Tlaquepaque, Tonalá, Tlajomulco, El 

Salto, Ixtlahuacán de los Membrillos and Juanacatlán. A description of the meteorological variables 

characteristic of each municipality will be given below. 

• GUADALAJARA:

The municipality of Guadalajara is located in the mid-latitude 20.7 ° N, 103.3 °W average length and 

altitude of 1465 meters. It belongs to the Central region and is characterized by its sub-humid and 

semi-warm temperate climate. The average temperature equals 21.4 °C, with a range ranging from 

19.7 °C minimum and maximum 24.0 °C. The average minimum temperature is 13.7 with a range 

between 11.3 and 15.8 °C, while the maximum average is 29.0 °C with a range between 27.7 and 

32.1 °C. The average precipitation is 940.3 mm with extremes between 879.4 and 1011.2 mm, while 

the average evaporation is 1915.4 mm with oscillations between 1498.9 and 2324.6 mm. During the 

year an average of 88.1 days are presented with rainfall with extremes between 85.1 and 92.8 

days. The average number of days a year with fog is 40.8 with oscillations between 22.3 and 52.8 

days. The average number of days with hail is 2.2 days with extremes between 0.4 and 2.9 days. As 

for thunderstorms it presents 32.2 days in average and extremes of 8.1 to 53.5 days. Finally the 

average relative humidity is 58.6% with extremes between 54.5 and 63.4%. 

• ZAPOPAN:

The municipality of Zapopan is located in the mid-latitude 20.8 °N, 103.2 °W average length and 

altitude of 1432 meters. It belongs to the Central region and is characterized by its warm sub-humid 

climate with rainfall in summer, sub-warm sub-humid with rains in summer and sub-humid temperate 

with summer rains. The 81.16% of its surface is the semi-warm climate; In the northwest and 
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northeast the warm climate occurs, which affects about 17.05% of the surface of the municipality; in 

a smaller proportion (only 1.7% of the surface) is the temperate climate south of Zapopan, in the 

limits with the municipality of Tlajomulco de Zúñiga. Zapopan climate is humid, with mild winters 

and dry springs. The average temperature is equal to 20.5 °C, with a range that oscillates between 

20.3 °C and 20.6 °C. The average minimum temperature is 12.3 °C with a range between 11.9 and 

12.6 °C; while the maximum average is 28.6 °C with a range that oscillates between 28.5 and 28.7 

°C. The average precipitation is 919.2 mm with extremes between 858.4 and 979.9 mm, while the 

average evaporation is 2074.9 mm. During the year an average of 85.0 days are presented with rainfall 

with extremes between 84.9 and 85.1 days. Meanwhile the average number of days a year with fog 

is 10.1 with oscillations between 6.7 and 13.5 days. The average number of days with hail is 1.4 days 

with extremes between 1.0 and 1.8 days. As for thunderstorms it presents 13.0 days in average and 

extremes of 0.4 to 25.6 days. Finally the average relative humidity is 55.7% with extremes between 

54.5 and 56.8%. 

• TLAQUEPAQUE:

The municipality of Tlaquepaque is located in the mid-latitude 20.6 °N, 103.3 °W average length and 

altitude of 1522.5 m. It belongs to the Central region and is characterized by its semi-dry climate with 

dry winter and spring, semi-warm with no defined winter season, with rain regime in the months of 

June to August. The average temperature is equal to 21.1 °C. The average minimum temperature is 

13.1 °C; while the average maximum is 29.2 °C. The mean precipitation is 946.7 mm. During the 

year 72.6 days are presented on average. Meanwhile the average number of days per year with fog is 

17.1. The average number of days with hail is 1.8 days. As for thunderstorms it presents 16.2 days in 

average. Finally the average relative humidity is 56.3%. 

• TONALA:

The municipality of Tonalá is located in the mid-latitude 20.6 °N, 103.2 °W average length and 

altitude of 1500.0 m. It belongs to the Central region and is characterized by its semi-dry climate with 

dry winter and spring, and semi-warm without a defined winter season, with rainfall in the months of 

June to October. The average temperature is equal to 19.9 °C. The average minimum temperature is 

13.5 °C; while the average maximum is 26.3 °C. The mean precipitation is 830 mm, while the 

average evaporation is 2005.0 mm. During the year an average of 87.0 days are presented with 

rainfall. Meanwhile the average number of days per year with fog is 10.0. The average number of 

days with hail is 2.0 days. As for thunderstorms it presents 15.0 days on average. Finally the average 

relative humidity is 55.0%. 

• TLAJOMULCO:

Water-19, Paris, 22-24 July 2019 Pag. 11 



The municipality of Tlajomulco is located in the mid-latitude 20.3 °N, 103.3 °W average length and 

altitude of 1575 m. It belongs to the Central region and is characterized by its semi-dry climate, with 

dry autumn, winter and spring, and semi-warm, without well defined winter thermal change. The 

average temperature is equal to 19.0 °C. The average minimum temperature is 9.9 °C; while the 

maximum average is 28.1 °C. The mean precipitation is 768.8 mm, while the average evaporation is 

2196.5 mm. During the year 79.2 days average rainy days. Meanwhile the average number of days a 

year with fog is 31.6. The average number of days with hail is 0 days. As for thunderstorms it presents 

0.5 days on average. Finally the average relative humidity is 50.8%. 

• EL SALTO:

The municipality of El Salto is located in the mid-latitude 20.5 °N, average length 103.3 °W and 

altitude of 1508 m. It belongs to the Central region and is characterized by its semi-dry climate, with 

dry winter and spring, and semi-warm, without well defined winter thermal change, with rainfall in 

June, July and August. The average annual temperature is 32 °C, with a maximum of 38.2 °C and 

minimum 4 °C.  The mean precipitation is 836.7 mm, while the average evaporation is 2016.5 

mm. During the year there are an average of 80 days with rains. Mean number of days per year with

fog is 28. The average number of days with hail is 0 days. As for thunderstorms it has 1 days on 

average. Finally the average relative humidity is 53.5%. 

• IXTLAHUACÁN DE LOS MEMBRILLOS:

The municipality of Ixtlahuacán de los Membrillos is located in the mid-latitude 20.7 °N, 

103.2 °W average length and altitude of 1602.5 m. It belongs to the Central region and is 

characterized by its semi-dry climate with dry winter and spring, and semi-warm with no defined 

winter season. The average temperature equals 18.6 °C, with a range ranging from 17.5 °C minimum 

and maximum 19.6 °C. The average minimum temperature is 10.6 °C with a range between 9.5 and 

11.6 °C, while the maximum average is 26.6 °C with a range between 27.6 and 28.5 °C. The average 

precipitation is 873.6 mm with extremes between 860.4 and 886.8 mm, while the average evaporation 

is 1840.7 mm, with ranges between 1721.1 and 1960.3 mm. During the year an average of 78.7 days 

are presented with rains with extremes between 75.6 and 81.8 days. Meanwhile the average number 

of days a year with fog is 22.3 with oscillations between 8.6 and 36.0 days. The average number of 

days with hail is 0.9 days with extremes between 0.1 and 1.7 days. As for thunderstorms it presents 

5.1 days in average and extremes of 3.7 to 6.4 days. Finally the average relative humidity is 56.6%. 

• JUANACATLÁN:

The municipality of Juanacatlán is located in the middle latitude 20.5 °N, average length 103.2 °W 

and altitude of 1530.0 m. It belongs to the Central region and is characterized by its climate is semi-
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dry with winter and spring dry, and semi-warm with no defined winter season, with rainfall in the 

months of June to August. The average temperature is equal to 20.1 °C. The average minimum 

temperature is 10.6 °C, while the average maximum is 29.5 °C. The mean precipitation is 819.1 mm 

while the average evaporation is 1959.0 mm. During the year, an average of 80.5 days of rainfall 

occurs. Meanwhile the average number of days per year with fog is 19.0. The average number of days 

with hail is 1.2 days. As for thunderstorms it presents 6.5 days on average. Finally the average relative 

humidity is 54.2%. 

INDICATORS OF CLIMATE CHANGE THROUGH CLIMDEX AND CLIMATOLOGICAL 

NORMALS 1971-2000. 

The 27 climate change indexes of stations distributed in the 12 municipalities of the Guadalajara 

Metropolitan Zone were calculated. In fact there are 13 stations, however, only 12 have enough data 

to be processed by RClimdex. Here we will present the results of the stations of the municipalities of 

Guadalajara, Zapopan, Tlaquepaque, Tonalá, Tlajomulco, El Salto, Ixtlahuacán de los Membrillos 

and Juanacatlán.  

• GUADALAJARA:

The municipality presented the following indexes of climate change: increase in average days with 

frost (FDO) 0.14 days, decrease of 24.19 days in the average of summer days (SU25), increase of 13 

days in the average number of tropical nights (TR0), decreased 0.63 days in the average length of the 

growing season (GSL), the maximum monthly of daily maximum temperature (TXX) decreased 

1.1 ° C, while the maximum monthly of daily minimum temperature (TNx) increased 0.72 ° C, the 

minimum monthly of daily maximum temperature (TXN) increased 1.46 ° C and the minimum 

monthly of daily minimum temperature (TNN) increased 10.86 ° C. the percentage of Cold nights 

(TN10p) decreased 1.43 days, percentage of cold days when (TX10p) had no records, percentage of 

warm nights (TN90p) increased 0.82 days, the percentage of warm days (TX90p) has no record, 

annual count of hot periods in days with at least 6 consecutive days in which (WSDI) increased 1.82 

days and annual Cold periods on days with at least 6 consecutive days (CSDI) could not be 

determined. The average monthly difference (DTR) decreased 1.85 ° C, the maximum monthly 

rainfall in one day (RX1day) decreased 1.19 mm, the maximum monthly precipitation in 5 

consecutive days (Rx5day) decreased 6.88 mm, the total annual rainfall divided for the number of 

wet days in one year (SDII) was increased 0.47 mm/day, the number of days in a year PRCP ≥ 10mm 

(R10) decreased in 2.32 days, number of days in a year PRCP ≥ 20mm (R20) increased 1.42 days, 

number of days in a year PRCP ≥ 25 mm (RNN) decreased in 4 days, maximum number of days 

consecutive RR <1 mm (CDD) decreased in 20 days, maximum number of consecutive days with 

RR ≥ 1 mm (CWD) increased 1.62 days, total annual rainfall RR> 95th percentile (R95p) increased 
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35.04 mm rainfall yearly total In which RR> 99 percentile (R99p) increased 12.75 mm and total 

annual rainfall on wet days (RR> = 1 mm) (PRCPTOT) decreased 2.73 mm. 

• ZAPOPAN:

The municipality presented the following results regarding the rates of climate change: FDO 

unchanged, rising 26.71 in the SU25, the TR0 unchanged, decreased 0.21 days in the GSL, the TXX 

increase 0.90 °C, while TNX increase 0.17 °C, the increased TXn 2.52 °C and TNn 0.33 °C. TN10p 

decreased 1.07 days, TX10p decreased 4.44 days, TN90p increased 2.94 days, and TX90p decreased 

1.39 days, WSDI increased 0.59 and CSDI increased 6.17. The DTR increase 0.35 °C, the RX1day 

increasing 8.80 mm, the Rx5day increase 39.41 mm, SDII increase in 1.49 mm/day, R10 decreased 

3.51 mm, R20 increased 2.71 days, R25 increased 3.05 mm, CDD increase 58.81 days, CWD 

decreased between 1.31 days, R95p increased 90.68 mm, R99p increased 65.72 mm and PRCPTOT 

decreased 3.37 mm. 

• TLAQUEPAQUE:

The municipality presented the following results regarding the rates of climate change: FDO 

unchanged, it decreased 23.23 in the SU25, the TR0 unchanged, decreased 0.02 days in the GSL, the 

TXX increase 0.16 °C, while TNX increased 0.38 °C, the increased TXn 2.55 °C and TNn decreased 

0.85 °C, the TN10p, TX10p, TN90p could not be determined due to lack of data and TX90p 

decreased 0.24 days. The WSDI and CSDI could not be determined due to lack of data. The DTR 

decreased 0.75 °C, the RX1day decreased 1.63 mm, the RX5day decreased 0.43 mm, the SDII 

decreased 3.4 mm/day, R10 decreased 7.11 mm, R20 decreased in 1.36 days, R25 increased 1.30 mm, 

CDD increased 60.40 days, CWD increased 0.88 days, R95p increased 44.11 mm, R99p decreased 

52.30 mm and PRCPTOT increased 21.59 mm. 

• TONALA:

Climdex index could be determined, because the station data was insufficient. 

• TLAJOMULCO:

The municipality of Tlajomulco de Zúñiga presented the following indexes of climate change: FDO 

increased in 20.89 days, SU25 increased 135.55 days, TR0 decreased 1.35 days, GSL increase 0.48 

days, TXX increase 2.39 ° C, while TNX decreased 1.27 ° C, TXn increased 4.08 ° C and TNn 

increase 2.96 °C. the TN10p, TX10p, TN90p could not be determined due to lack of data and TX90p 

decreased 0.22 days. The WSDI and CSDI could not be determined due to lack of data. The DTR 

increase 4.24 ° C, the RX1day increased 25.81 mm, the Rx5day increased 12.82 mm, SDII decreased 

1.94 mm/day, R10 decreased 7.15 mm, R20 decreased in 4.94 days, R25 decreased 1.38 mm, CDD 
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increased 121.37 days, CWD decreased 0.40 days, R95p increased 82.17 mm, R99p increased 20.51 

mm and PRCPTOT decreased 50.17 mm. 

• EL SALTO:

The municipality of El Salto presented the following results regarding climate change indexes: FDO 

increased by 0.64 days, decreased by 57.78 days in SU25, TR0 decreased by 0.22 days, decreased by 

0.07 days in GSL, Txx decreased 29.3 ° C, while the TNx decreased in 2.05 ° C, the TXn decreased 

by 4.82 ° C and 2.96 ° TNn decreased in C. the TN10p, TX10p, TN90p, TX90p, CSDI WSDI and 

could not be determined due to lack of data. The DTR decreased by 2.40 ° C, the RX1day decreased 

by 7.31 mm, the Rx5day decreased by 21.01 mm, SDII increase in 1.01 mm / day, R10 increased 

0.15 mm, R20 increased 0.04 days, R25 decreased by 6.84 mm, CDD increased 12.33 days, CWD 

increased by 1.60 days, R95p decreased by 82.43 mm, R99p decreased by 3.02 mm and PRCPTOT 

decreased by 105.24 mm. 

• IXTLAHUACÁN DE LOS MEMBRILLOS:

Climdex index could be determined, because the station data was not sufficient. 

• JUANACATLÁN:

Climdex index could be determined, because the station data was not sufficient. 

Central Region: In this region represented by the Guadalajara Metropolitan Zone, generally was 

evident that there are changes in temperature and precipitation patterns. The average changes for the 

GMZ are: in the number of days of frost increased by 2.76 days, however a decrease of the summer 

days of 1.94 days is observed. A decrease of 1.46 days of tropical nights without major changes in 

the length of the growing season (-0.11 days), the average maximum of maximum temperatures 

decreased by 0.45 ° C is observed, while the minimum maximum and minimum maximum and 

minimum had an increase which was reflected in the diurnal range of temperature to drop by about 

0.75 ° C, this could explain the variations of temperature in this area are reflected in changes in the 

conditions of the days and nights of this zone are due to two factors on the one hand to the possible 

climate change and on the other hand to the great modification of the environment that in the day 

causes that it is absorbed and reflects to the atmosphere greater quantity of heat and therefore of 

temperature and that at night to eliminate such heat more quickly due to the high density of paved 

streets (asphalt and hydraulic concrete), as well as the great loss of green areas that played the role of 

climate regulators, causing that the climate within each city is more extreme. As for the indicators 

related to humidity and precipitation, there is an increase in the amount of precipitation presented in 

one day and a decrease in the 5 days and in the daily intensity, however a decrease in the number of 

days of intense precipitation And very intense, increase in dry days and decrease of wet days, and 
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increases in very humid and extremely humid days and decrease of 18.51 mm in total precipitation 

of wet days. This reflects us that the precipitations have become more intense and punctual perhaps 

due to the influence of the great rate of urbanization of the city. However, changes in temperature are 

associated with the change in precipitation patterns that have occurred in the region during the last 

30 years. 

CLIMATE SCENARIOS ACCORDING TO PRECIS (PROVIDING REGIONAL 

CLIMATES FOR IMPACTS STUDIES): REGIONAL SCENARIOS OF THE 

METROPOLITAN AREA OF GUADALAJARA TO 2030, 2050 AND 2080. 

The results will be shown first giving a general trend of the Guadalajara Metropolitan Zone to the 

changes of the parameters obtained. To estimate the most important impacts of air and soil 

temperature, the monthly comparison was performed throughout the year (January to December) to 

identify the most significant features of the seasons (Fig. 4). Based on this it was determined that the 

most representative months of the year are the month of January (low season) and July (temporal), 

the month of December is included in the analysis as the month of transition between the two 

seasons. NOTE: The validation of PRECIS scenarios using reanalysis found that there is an 

overestimation of the temperature of about 1.7 ± 0.3 °C. 

Temperature  

A comparative analysis was then carried out between the months of January (low season), July 

(temporal) and December [transition between the scenarios projected A1B (850 ppm) and A2 (1250 

ppm)]; finally the comparative analysis was carried out between the years 2030, 2050 and 2080.  

Air temperature 

The current average temperature of the GMZ ranges between 17-20 °C. Analyzing Figure 5 shows 

that the temperature for 2030 in the A1B scenario could increase considerably during the summer, in 

July can reach values 25-28 °C in GMZ. The months of January and December show temperatures 

above the current average reaching up to 8 at 14 °C. The results of the scenario A2 show less variation 

between summer temperatures ranging between 27 and 28 °C in GMZ. In winter (January and 

December) temperatures are higher than those in the A1B scenario with values between 13-20 °C. 

By 2050 the A1B scenario temperatures are above 25 °C in most of the GMZ. In winter temperatures 

are between 11 and 14 °C, whereas in summer they can reach up to 28 °C with wider extensions than 

for 2030. In scenario A2 temperatures reach 27 to 30 °C in the summer and important increases in 

the dry season between 15-20 °C. Finally for 2080, temperature increases are estimated up to 30 °C 

in comparison to the 17-20 °C that are the current ones in the GMZ. Basically for the A1B scenario, 

the increments are 13-16 in the dry season and 27-30 °C in the summer compared to the A2 in the 

dry season (19-22 °C in the dry season and 29-30 °C in the summer). 
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Soil Temperature 

The temperature of the soil in year 2030 in the A1B scenario could increase considerably during the 

summer, in July it is possible to reach temperatures above 28 °C in the GMZ. The months of January 

and December show temperatures above the current reaching on average up to 16 °C. The results of 

scenario A2 show smaller variations between temperatures in the summer oscillating between 28 and 

30 °C. In winter the temperatures are higher than those of the A1B scenario until reaching values of 

22 °C. 

By 2050 the temperatures of the A1B scenario are above 24 °C and reach 30 °C. In winter the highest 

temperatures would be between 14-22 °C with more extensive extensions than in 2030. In scenario 

A2 temperatures reach 24 to 30 °C in the summer and significant increases in the dry season 

between12-16 °C. 

Finally, for 2080, increases are estimated with temperature between 24-30 °C in scenario A1B and 

of 30-34 °C in scenario A2. During the low season temperatures reach values between 16-22 °C. As 

for the air temperature for scenario A2, the increments are generally in the state compared to A1B, 

which will be more fractionated in only some regions (Fig. 6). 

CONCLUSION 

1. For the particular case of the Guadalajara Metropolitan Zone the general conclusions most

important in the period 2000-2090 are as follows: 

➢ A continuous upward trend is observed, for 2090 the average temperature in the GMZ there

will be increased to an average of about 3 °C in the A1 and 3.6 ºC in the A2 scenario.

➢ The soil temperature, shows an increase of almost 4 °C to 2090 in the A1 scenario and

5 °C in A2.

2. To an analysis of the rainy and dry seasons for the GMZ they yielded the following

conclusions: 

➢ The temperature behavior in the time during 2000-2030, 2030-2050 and 2070-2090 shown

steady growth, interrupted by the period 2050-2070 where a

decrease in same A1B is presented, while in the A2, a steady increase of 0.7 °C at 2000-2030

and 2030-2050 periods shown, to follow an increase of 2 °C in the period from 2050 to 2080

and an increase of 1.5 in the period 2080-2100.

Water-19, Paris, 22-24 July 2019 Pag. 17 



Figure 4 Behavior of average temperature from January to December to 2030 for scenario A2. 
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➢ The behavior during the dry season showed or similar patterns to the temporal with the

difference that the temperatures were more extreme in comparison with the

station rainy.

3. The analysis for the months of July and January in the GMZ in the scenarios A1B and

A2 yielded the following conclusions: 

➢ The trend of air temperature is the increase for period 2000-2090 in the GMZ, 3 °C for

temporary and 3.5 °C for the dry season in the A1B scenario and 4 °C for temporary

and 5.2 °C for the dry season in the A2 scenario.

➢ The soil temperature is gradually increased to reach the end of period between 3 °C for

temporary and 3.7 °C for the dry season in the A1B scenario and 4 °C for temporary

and 6 °C for low water in the A2 scenario.
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2050 A2 

2080 A1B 

2080 A2 

Figure 5 Behavior of air temperature in the scenarios A1B and A2 of the years 2030, 2050 and 

2080 in the months: January (dry), July (temporary) and December (transition). 
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2080 A2 

Figure 6 Behavior of soil temperature in the scenarios A1B and A2 of the years 2030, 2050 and 

2080 in the months: January (dry season), July (temporary) and December (transition). 
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