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Abstract: This study aimed to determine the mean temperature trends in the south-southeast region
of Mexico during the historical period of 1980–2014, as well as during the future periods of 2021–2040,
2041–2060, and 2081–2100, as recommended by the IPCC. Additionally, the study sought to identify
the climate change scenario that is most closely aligned with the socio-environmental conditions
of the south-southeast zone of Mexico and that has the greatest impact on the region’s average
temperature. The downscaling method of bias correction was conducted at a spatial resolution of
0.25◦ × 0.25◦, and an analysis of historical trends was performed for the period 1980–2014 with ERA5
and four CMIP6 models (CNRM-ESM2-1, IPSL-CM6A-LR, MIROC6, and MRI-ESM2-0). This process
was extended to future projections. The models indicated temperature differences of less than 0.5 ◦C
with respect to ERA5, in agreement with other studies. Additionally, the current study calculated
future trends for the south-southeast region using three of the CMIP6 scenarios (SSP2-4.5, SSP4-6.0,
and SSP5-8.5). The z-eq proposal was used to compare the slopes, enabling us to determine which
of the three scenarios corresponded to the historical trend, assuming identical socio-environmental
conditions. The SSP4-6.0 scenario was found to correspond to the historical trend.

Keywords: climate change; south-southeast Mexico; CMIP6; temperature trend; bias correction

1. Introduction

Currently, the impacts of climate change in the world are alarming. The Third As-
sessment Report (TAR) of the Intergovernmental Panel on Climate Change (IPCC) has
reported that meteorological events will increase in intensity and frequency due to global
warming [1,2]. This finding has been confirmed in subsequent reports, including the IPCC-
AR5, which indicated that the changes in the world’s climate are due to the influence of
climate modulators such as ENSO, transferring their effects to different regions [3].

Updating and improving the climatic information allows for the development of better
strategies for adaptation to climate change. This is exemplified by the scenarios developed
within the framework of the Coupled Model Intercomparison Project Phase 6 (CMIP6) [4].
CMIP6 uses a matrix model that combines physical processes of the climate (Representative
Concentration Pathways, RCP) with human actions or measures (shared socioeconomic
pathways, SSP), resulting in eight large groups of scenarios: SSP1-1.9, SSP1-2.6, SSP2-4.5,
SSP3-7.0, SSP4-3.4, SSP4-6.0, SSP5-3.4-OS, and SSP5-8.5 [4]. Further details can be found
in [4]. These scenarios provide valuable insights for understanding and addressing the
impacts of climate change.

These scenarios concern the possible future evolution due to anthropogenic forcings
from greenhouse gas (GHG) emissions, based on the RCPs. High and very high emissions
refer to SSP3-7.0 and SSP5-8.5, where each doubles the CO2 emissions in 2100 and 2050,
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respectively. In the case of intermediate emissions, that is, at current levels up to mid-
century, the scenarios are SSP2-4.5 and SSP4-6.0, while low and very low GHG emissions,
which decrease in 2050, correspond to SSP1-1.9 and SSP1-2.6 [5]. The SSP families that
constitute these scenarios are defined as follows [6]:

• SSP1: Sustainable and equitable, where the common good is preserved and nature
is respected, social inequalities are reduced, and consumption is oriented towards
minimizing the use of energy and material resources.

• SSP2: The middle of the road, which extrapolates current and past developments
into the future. The environmental system is degraded. Population growth is moder-
ate. Cooperation between nations is limited, and there are significant differences in
countries’ incomes.

• SSP3: Regional rivalry. National and regional conflicts. Investments in technological
and educational development are decreasing. Inequality increases, and some regions
suffer drastic environmental damage.

• SSP4: Inequality pathway. There is a gap between societies, and their cooperation,
income, and education are low. Environmental problems are only resolved locally in
some regions but not in others.

• SSP5: Fossil-fuel-based development pathway. The global market is integrated, and
there is technological progress. However, social and economic development is based
on the exploitation of oil. There is a high demand for energy.

Most of the CMIP6 models seem to capture the main features of spatial variations in the
observed global temperature (typical correlation pattern ≥ 0.98), but with large variability
among models and regions [7]. The CMIP6 models have a wider range of climate sensitivity
than the CMIP5, which may be due to the cloud amplifier of the CMIP6 corresponding
to 20% [7]. In addition, the mean of CMIP6 can capture the observed global surface
temperature trends during 1901–1940 (warming), 1941–1970 (cooling), and 1971–2014
(rapid warming) [7]. To date, several studies have been conducted at the regional level on
the changes found in the projections of various climatic variables of CMIP6 compared with
previous phases, such as CMIP5. Examples include Africa [8], Australia [9], and China [10].

In Mexico, different authors have worked with information from CMIP3 and CMIP5 [11–13].
The REA method [14] was used by [12] to generate climate scenarios, which provided a
new update to the management of CMIP5 data. Within the CMIP5, the RCP8.5 scenario
is considered the most extreme scenario in terms of the maximum radiative forcing that
could be reached at the end of this century. However, there are two other scenarios of lesser
magnitude, such as RCP4.5 and RCP6.0. According to [15], RCP6.0 is the “appropriate”
scenario for southeastern Mexico, Central America, and the Caribbean, since this region
has experienced a similar warming rate historically.

However, a similar process remains to be conducted with the CMIP6 scenarios. For
this, downscaling techniques must be used, either dynamic or statistical [16–18], each with
its advantages and disadvantages [19]. Among the statistical techniques, the categories of
analogs, time generators, and regressions stand out [20]. The IPCC, in its sixth assessment
report (AR6), showed that the perfect prognosis method had greater confidence than the
analog method and stochastic regression [21]. Additionally, bias correction is a technique
used to remove bias and uncertainty from global models [16], and it indicates greater
confidence in the improvement in the distribution of the simulated variables. The bias
correction technique scales the output of the climate model and systematizes its errors,
improving the fit to the observations [17].

To examine if the new scenario information generated by CMIP6 continued the same
pattern of trends observed for CMIP5, the present study analyzed the trends in temperature
in the historical period and determined if the rate of warming was in correspondence with
the SSP4-6.0 scenario for the southeastern and southern region of Mexico. The method,
results, discussion, and conclusions are described below.
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2. Materials and Methods
2.1. Study Zone

The south-southeast zone of Mexico is relevant because of its biocultural richness and
natural resources [22]. It is currently a strategic area of economic development, given the
investment in infrastructure in recent years [23]. In addition, in this area, there is a large
migratory flow of individuals from Central America, the Caribbean, and Latin America [24].
It is an area exposed to different meteorologic and climatic phenomena (Figure 1), such as
tropical cyclones and cold fronts, as well as the impacts of the influence of El Niño-Southern
Oscillation (ENSO) [25]. A warming trend of approximately 10−2 ◦C/year was shown
by [15] for this area, which is in correspondence with the rate of warming under the RCP
6.0 scenario. For precipitation, a trend is not noticeable. However, [26] indicated important
changes in the precipitation patterns, such as wet events that have occurred mainly in the
Grijalva-Usumacinta basin (GUB) in recent years. The GUB is located in the study region,
which is of great environmental and social importance for Mexico and Central America [27].
It is a system that can allow ecosystem-based adaptation to climate change [27].
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Figure 1. Study area, showing the southern and southeastern domains of Mexico.

2.2. Methods

The mean near-surface air temperature (tas) data used here correspond to the ERA5
database [28] of historical data. The global climate models (GCMs) listed in Table 1 were
selected according to the analysis of [29]. They showed that CMIP6 models [4] had better
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performance regarding the local historical climate of the study area. We noted that two of
the selected models performed well for regions such as Guatemala [30]. The resolution of
the data is shown in Table 1. A mask was applied for the mainland region and regridded to
25 km × 25 km to obtain the information on a smaller scale (the original scale is shown in
Table 1). The selected periods were based on what was suggested by [21].

Table 1. Data used for the mean surface temperature (tas) from ERA5 [28] and the three CMIP6
scenarios with four models [31–46]. License: CC by 4.0 (https://creativecommons.org/licenses/by/
4.0/, accessed on 15 March 2023).

Number Data Resolution Variable Time Scenario

1 ERA5 25 km × 25 km tas 1980–2014

2 CNRM-ESM2-1 250 km × 250 km tas

1980–2014
2021–2040
2041–2060
2081–2100

SSP2-4.5,
SSP4-6.0,
SSP5-8.5

3 IPSL-CM6A-LR 250 km × 250 km tas

1980–2014
2021–2040
2041–2060
2081–2100

SSP2-4.5,
SSP4-6.0,
SSP5-8.5

4 MIROC6 250 km × 250 km tas

1980–2014
2021–2040
2041–2060
2081–2100

SSP2-4.5,
SSP4-6.0,
SSP5-8.5

5 MRI-ESM2-0 100 km × 100 km tas

1980–2014
2021–2040
2041–2060
2081–2100

SSP2-4.5,
SSP4-6.0,
SSP5-8.5

With the GCMs, the statistical scale reduction technique known as bias correction (see
Equation (1)) [17] was applied, which allowed us to optimize the global information of
the models at a local scale. This method is suggested for the temperature variable and is
suitable for daily data

Tcorr,i = Tmod,i + dTi
where

dTi = TERA5,i − Tmod,i

(1)

Here, the subscript mod refers to the model data, the subscript i refers to each day
throughout the record, and dTi is the difference between the historical means of the model
and ERA5. For the current case, the equation indicates the bias obtained from the historical
period 1980–2014 regarding the ERA5 for the same period. To determine the confidence of
the technique, we applied the root mean square deviation (also known as the root mean
square error, rmse) (rmsd) for the historical data of the models regarding the mean of the
ERA5 data.

2.3. Temperature Trends

To calculate the trends, first, the information was considered only for Mexico in the
south-southeast region (see Figure 1). Then the south-southeast region was divided into
two: the south, which included the states of Veracruz, Oaxaca and Puebla; and the southeast,
which included the states of Chiapas, Tabasco, Quintana Roo, Campeche, and Yucatán [47].
This was carried out to consider the domains in Mexico of the CORDEX Flagship Pilot
Study project “North America: Dynamical downscaling experiments and hydrological mod-
elling for Canada and Mexico” (https://cordex.org/experiment-guidelines/flagship-pilot-
studies/endorsed-cordex-flagship-pilote-studies/north-america-dynamical-downscaling-
experiments-and-hydrological-modelling-for-canada-and-mexico/, accessed on 15 March
2023) in the southern region. The southeastern part of Mexico allowed us to compare the
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https://creativecommons.org/licenses/by/4.0/
https://cordex.org/experiment-guidelines/flagship-pilot-studies/endorsed-cordex-flagship-pilote-studies/north-america-dynamical-downscaling-experiments-and-hydrological-modelling-for-canada-and-mexico/
https://cordex.org/experiment-guidelines/flagship-pilot-studies/endorsed-cordex-flagship-pilote-studies/north-america-dynamical-downscaling-experiments-and-hydrological-modelling-for-canada-and-mexico/
https://cordex.org/experiment-guidelines/flagship-pilot-studies/endorsed-cordex-flagship-pilote-studies/north-america-dynamical-downscaling-experiments-and-hydrological-modelling-for-canada-and-mexico/


Climate 2023, 11, 111 5 of 14

results with [15]. The areal average for each region was taken, and the trend was calculated
on the basis of historical data and projections under the three scenarios (SSP2-4.5, SSP4-6.0,
and SSP5-8.5). The Mann-Kendall test was used to adjust the trend [48,49].

In addition, we also used the z-eq value [50,51] defined by

z =
m1 − m2

(SEm1 + SEm2)
1/2

where m1 corresponds to the slope in the ERA5 data and m2 corresponds to the slope of
each model (Table 1), and SEm1 and SEm2 correspond to the standard errors associated with
m1 and m2 respectively. The statistical significance of z is between the values of −1.96 and
1.96. In this case, we can say that the slopes are similar, in addition to the case of z = 0. The
value of z-eq allowed us to compare the slopes and find their differences or similarities
weighted by the square root of the associated errors. In the case of z = 0, it was found that
m1 and m2 were equal. In the case of −1.96 < z < 1.96, there were differences between m1
and m2 that fell within the range of their associated errors. This then guided whether the
trend found could be maintained or changed drastically in the periods of time under study.
For more details, see [15].

The climate change scenarios display a very similar evolution of radiative forcing in
the near future. This indicates that the rate of the increase in temperature is also similar
among the scenarios. It is difficult to differentiate them during the approximately 35-year
period from 2000 to 2035 [52]. Therefore, we proposed extrapolating the historical rate of
increase to that period, assuming that the socio-environmental conditions have remained
the same. This approach helped us identify the most similar climate change scenario.

3. Results
3.1. Bias Correction

For the case of bias correction, Figure 2a shows the daily climatology of the ERA5
data and the models (Table 1) without correction, and Figure 2b indicates the same data
after applying the bias correction to the models. The rmsd associated with the data from
the models without bias correction regarding the observations (ERA5) was 1.444 ◦C for
CNRM-ESM2-1, 1.498 ◦C for IPSL-CM6A-LR, 3.050 ◦C for MIROC6, and 1.411 ◦C for
MRI-ESM2-0, while the error associated with the models with bias correction regarding
the observations was 0.325 ◦C for CNRM-ESM2-1, 0.361 ◦C for IPSL-CM6A-LR, 0.493 ◦C
for MIROC6, and 0.342 ◦C for MRI-ESM2-0. We noted that the bias correction optimized
the records. These results are similar to those of [53], who reported a bias of 0.2 ◦C for a
broader area towards Central America using an ensemble of models and a comparison
with the CRU database [54]. Additionally, the authors reported that the discrepancy in the
bias could be attributed to the reference database.

The historical bias results for each model in the historical period are shown in Figure S1.
We can see that the bias correction optimized the model data by recording the climate
patterns of the area recorded in ERA5. We applied the direct correction to the data of the
projections of the three climate change scenarios for the three future periods (see Table 1).

3.2. Data Trends

In the data corrected for bias, annual trends were obtained for each region (south
and southeast; see Figure 1) of the study area, where the majority showed a good fit (see
Table S1). Note that the slope of the model data was bias-corrected. All the trends were
positive, indicating warming with the same order of magnitude (10−2 ◦C/year). This was
also observed in the historical trends both in ERA5 and in the models (see Table S2). From
what we could observe, as indicated by [16] for the southeast region, both regions had the
same warming rate. This has also been reported by other authors, such as [55,56], with an
order of magnitude of 10−2 ◦C/year. On the other hand, [57] reported an increase of 0.7 ◦C
in Mexico over the span of seven decades from 1951 to 2017, which equates to an increase
of 0.1 ◦C per decade. The same author also reported an increase of 0.2 ◦C per decade in
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the south-southeast region of Mexico. These findings aligned with the trend calculated by
other authors, thereby validating the results of this study.
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We determined an ERA trend of 0.01 ◦C per year for the southern region and 0.04 ◦C
per year for the southeast region. The average trend for both regions was 0.025 ◦C per year.
On the other hand, [56] determined a trend of 0.023 ◦C per year for both regions. Our results
provided trends for each region, taking their climatic differences into account. The southern
region is less humid than the southeast, with average temperatures of 21 ◦C and 26 ◦C,
respectively [58]. This study determined the trends for both regions. Although the warming
in the southern region was of the same order as that in the southeast region, the rate of
warming was lower in the latter. We suggest that this may be due to a greater altitude
gradient in the southern zone as compared with the southeast, owing to the presence
of mountain ranges in the former. Additionally, the southern region covers a broader
extension towards more northerly latitudes. This is why we divided the study area into
two regions.

In the case of the models, the trends were positive in both regions. Each model
indicated the same trend for both regions, which suggests that they underestimated the
rate of warming for the southeastern region (≤0.02 ◦C/year) and overestimated it for
the southern region (≥0.02 ◦C/year). We assume that this is because the models may
encompass the entire region with the same orographic or climatic conditions, resulting in
an equal warming trend for both regions. It should be noted that if both regions are taken
into consideration, the difference with respect to the average trend would be less than or
equal to 0.01 ◦C/year. This is consistent with the rmsd obtained by applying bias correction.

The trends for the periods 2021–2040, 2041–2060, and 2081–2100 were also determined
for each of the models and scenarios (SSP2-4.5, SSP4-6.0, and SSP5.8.5).

The evolution of the radiative forcing for SSP2-4.5 increased until 2080 and stabilized
by the end of the century, reaching 4.5 W/m2. For SSP4-6.0, it increased until the end of
the century (and reached 6.0 W/m2), with a greater slope than for SSP2-4.5. For SSP5-
8.5, it increased until the end of the century, with a much greater slope than the other
two [52]. This evolution is in correspondence with the projected change in the global
average temperature. Similarly, in the southeast region, the results of the mean temperature
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trends for the SSP2-4.5 scenario were lower than those for SSP4-6.0 and much lower than
those for SSP5-8.5. The results for both regions agreed with those of [53]. However, we
noted that the SSP2-4.5 and SSP4-6.0 scenarios for the period 2081–2100 indicated a lower
trend, a sign of their stability for that period (Figures 3 and 4).
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and MRI-ESM2-0 (green).

It is worth noting that determining the likelihood of any one scenario occurring during
the current period is a challenging task, given that warming rates can vary depending
on the socio-environmental conditions affecting the region and the planet. Therefore,
each scenario has an equal probability of occurring. For the near future (2021–2040), all
three scenarios exhibited a similar range of temperature variability in both regions. The
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same was true for the medium term (2041–2060). However, the differences between the
three scenarios become more apparent in the long term (2081–2100).

Climate 2023, 11, x  9 of 15 
 

 

 
Figure 4. The same as in Figure 3 but for the southeast region. 

It is worth noting that determining the likelihood of any one scenario occurring dur-
ing the current period is a challenging task, given that warming rates can vary depending 
on the socio-environmental conditions affecting the region and the planet. Therefore, each 
scenario has an equal probability of occurring. For the near future (2021–2040), all three 
scenarios exhibited a similar range of temperature variability in both regions. The same 
was true for the medium term (2041–2060). However, the differences between the three 
scenarios become more apparent in the long term (2081–2100). 

4. Discussion 
To discriminate among the three scenarios for each region, we used the z-eq, as rec-

ommended by [15], and the results are shown in Table 2 for the near future (for the other 
future periods, see Table S3). Here, we can say that the models that showed the greatest 
agreement with this scenario were MIROC6 and MRI-ESM2-0. For the southeast region, 

Figure 4. The same as in Figure 3 but for the southeast region.

4. Discussion

To discriminate among the three scenarios for each region, we used the z-eq, as rec-
ommended by [15], and the results are shown in Table 2 for the near future (for the other
future periods, see Table S3). Here, we can say that the models that showed the greatest
agreement with this scenario were MIROC6 and MRI-ESM2-0. For the southeast region, the
SSP4-6.0 scenario was also observed to be the one with higher correspondence than SSP2-4.5
and SSP5-8.5. The models that showed agreement with SS4-6.0 were the four models for
at least one of the future time periods. However, for SSP2-4.5, there were three models
(CNRM-ESM2-1, IPSL-CM6A-LR, and MIROC6) in at least one of the time periods. For
SSP5-8.5, they were MIROC6 and MRI-ESM2-0. For the southeast region, the SSP4-6.0 sce-
nario was in correspondence with [15], whose scenario with radiative forcing of 6.0 W/m2

was identified as the one that showed the same trend for the temperature variable in the
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periods 2015–2039 and 2075–2099 in the observations. Remember that SSP4-6.0 is associated
with SSP4 and RCP6.0 [52]. This is valid both for ERA5 and for the historical period of
the models.

Table 2. Values of z-eq for the four models regarding the historical period (1980–2014) of ERA5 and
the models in each region (south and southeast).

Model Scenario Period
z-eq

ERA5
(South)

z-eq
ERA5

(Southeast)

z-eq
Models
(South)

z-eq
Models

(Southeast)

CNRM-ESM2-1 SSP2-4.5 2021–2040 0.68 −2.03 −1.02 −1.05

CNRM-ESM2-1 SSP4-6.0 2021–2040 2.79 1.66 1.32 2.01

CNRM-ESM2-1 SSP5-8.5 2021–2040 1.92 −0.62 0.55 −0.13

IPSL-CM6A-LR SSP2-4.5 2021–2040 1.67 −0.93 0.36 2.15

IPSL-CM6A-LR SSP4-6.0 2021–2040 2.60 0.87 1.61 1.08

IPSL-CM6A-LR SSP5-8.5 2021–2040 1.67 −0.84 0.36 1.25

MIROC6 SSP2-4.5 2021–2040 1.52 1.72 0.41 2.07

MIROC6 SSP4-6.0 2021–2040 1.09 −0.51 −0.11 −0.10

MIROC6 SSP5-8.5 2021–2040 2.17 2.11 0.98 2.37

MRI_ESM2_0 SSP2-4.5 2021–2040 1.80 0.73 1.35 2.28

MRI_ESM2_0 SSP4-6.0 2021–2040 1.15 0.08 0.71 1.79

MRI_ESM2_0 SSP5-8.5 2021–2040 4.45 0.08 3.80 1.79

The z values regarding the historical data of the models for the southern region
were mostly for the SSP2-4.5 scenario (with the four models for at least one of the future
time periods), and for the southeast, they were mostly with SSP4-6.0 (with MIROC6 and
MRI-ESM2-0). We note that the SSP4-6.0 scenario under the MIROC6 model held for the
significant z-eq results. Although the results were favorable for determining the scenario
that maintained a trend equal to the historical one, it is not guaranteed that these trends
will continue in the future.

The results of z-eq assumed that the trends found under the three scenarios for the three
future periods would maintain similar socio-environmental conditions to the historical
ones. Therefore, we determined that the SSP4-6.0 scenario was for the southeast, which
maintained these conditions under the four different models, indicating that they assumed
policies with social inequality, that there are low mitigation challenges but strong challenges
to adaptation. It is a scenario that has a growing population, but, by the end of the century,
it will stabilize. It is also a scenario that does not demand a large amount of energy, and
this is changed to the use of renewable energy [59]. The southeast of Mexico is an area
highly rich in biodiversity and water resources [27], and natural resources [60], which may
allow actions towards the use of clean energy. However, it has communities that are highly
vulnerable to the effects of climate change [61], which is also aligned with SSP4, which
indicates high social inequality and high challenges in adaptation. These results allowed us
to project their impacts. The analysis of the climate indicators related to temperature and
precipitation allows us to prepare for the projected impacts under the scenarios generated
by the CMIP6.

In addition, the results of z-eq allowed us to say that the slopes for the projected
futures in the southern region are greater than the historical ones (ERA5). However, for
the southeast region, the future slopes are mostly lower compared with the historical data
(ERA5 and the models). This means that the scenarios projected greater warming for
the southern region than for the southeast region. It should be noted that the southern
zone is less hot and less humid than the southeast region [22,47,62], so this may explain
this climatic result. Although the south-southeast area of Mexico is an area that has been
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little studied, these results allow updates of climate information and the climate change
scenarios for actions against this global phenomenon.

We can note that the warming projected for the period 2021–2040 by the scenarios had
a much higher rate than the historical period. This suggests that the forcing of warming for
the future period may overestimate the warming in the area. However, there was a greater
correspondence with the rate of warming for the future period of 2041–2060 projected by
all four models, particularly SSP4-6.0. This was attributed to the slowdown of warming by
mitigation actions, following SSP4 [59]. For the same period, the other plausible scenario is
SSP2-4.5, given its sustainable characteristics. Although SSP5-8.5 was also indicated by the
two models, we discarded it because its non-environmentally friendly characteristics were
not consistent for that period.

For the values of z between −1.96 and 1.96, a greater number of correspondences
were obtained between the slopes of the period of future projections and of the historical
period. For the southern region, the scenario in which this behavior was shown by the
largest number of models was SSP2-4.5. We found that for 2021–2040, the models for which
the slope fell within the range of significance were CNRM-ESM2-1, IPSL-CM6A-LR, and
MIROC6, while for 2041–2060, they were IPSL-CM6A-LR, MIROC6, and MRI-ESM2-0. For
2081–2100, this occurred for all four models (see Table S3). Under SSP4-6.0 for 2021–2040
and 2041–2060, it was found for only MRI-ESM2-0, and for 2081–2100, it was found for
IPSL-CM6A-LR, MIROC6, and MRI-ESM2-0. Under SSP5-8.5, it was only observed for
IPSL-CM6A-LRin 2021–2040, for MRI-ESM2-0 in 2041–2060, and for no model in 2081–2100.
We noted that the region was assumed have of low technological development and low
energy demand, given that most of its population migrates another countries to have better
job options. Although the conditions may seem friendly to the environment, the region is
highly vulnerable to the effects of climate change. It may involve actions that are low in
mitigation and high in adaptation. That is why the SSP4.60 scenario is more likely than the
SSP2-4.5 for the region.

For the southeast region, the two scenarios that had similar behavior were SSP2-4.5
and SSP4-6.0, and that are the ones that showed similar trends were three models for the
period 2021–2040, four models for 2041–2060, and two models for 2081–2100. For the first
scenario, the models were IPSL-CM6A-LR, MIROC6, and MRI-ESM2-0 for the first future
time period, and for the last future time period, they were CNRM-ESM2-1 and MRI-ESM2-0,
while for SSP4-6.0, the three scenarios in the first future time period were CNRM-ESM2-1,
IPSL-CM6A-LR, and MRI-ESM2-0, and those for the last period were MRI-ESM2-0 and
MIROC6. For SSP5-8.5, the models were the same as SSP2-4.5 in 2021–2040 and 2041–2060,
while for 2081–2100, it was only the same as MIROC6 (see Table S3). We can say the same
as we did for the southern region, namely that the scenario that can represent both the
environmental and social and economic conditions of the region is SSP4-6.0.

In summary, SSP4-6.0 is a scenario with the following characteristics: it follows a
medium radiative forcing and is the update of the RCP6.0 scenario. It is associated with the
SSP4 family for investigating differences in the impacts across the medium global forcing
scenario, even if regional climate change, land-use change, or aerosols are carried out
intensively [52].

This study showed that the SSP4-6.0 scenario has characteristics that are similar to the
study area. That is, the current social and economic development of the study area will
allow the warming rate to remain similar to the current rate until 2040 under the current
socio-environmental conditions. However, after 2024, a similar exercise to this study should
be carried out, since the infrastructure of the Tren Maya [23] will drastically change the
socio-environmental conditions. This is because this infrastructure has a regional impact,
similar to the Interoceanic Corridor [63].

5. Conclusions

In conclusion, the downscaling technique, as suggested by [20], proved to be optimal
for the temperature data, and it has yielded favorable results in the south-southeast region
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of Mexico, as demonstrated in this study. By conducting a local analysis using CMIP6
scenarios, we have updated the available information for both regions. Our findings align
with those of previous studies [18,53], confirming the suitability of the SSP4-6.0 scenario
for the southeast region, as well as the south, when considering the significant z-eq values.
However, when considering values of −1.96 < z < 1.96, the results indicated that SSP2-4.5
and SSP4-6.0 would be more viable options, with SSP5-8.6 being less favorable. Considering
the socio-environmental characteristics of the study area, SSP4-6.0 appears to be the most
realistic scenario. These results contribute to the knowledge on climate change in the region
and can support local decision-making, guiding efforts towards effective adaptation and
mitigation measures. Further analyses of other climatic variables and CMIP6 scenarios
remain to be conducted.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/cli11050111/s1. Figure S1: Spatial distribution of mean surface temperature
(tas) with ERA5 (first column) for the south-southeast zone and the four models (CNRM-ESM2-1,
IPSL-CM6A-LR, MIROC6, and MRI-ESM2-0) in the historical period 1980–2014 without (second
column) and with correction (fourth column), and the bias of each one (third column). Table S1:
Trend of the slopes throughout the three future periods (2021–2040, 2041–2060, and 2081–2100) with
the four models (CNRM-ESM2-1, IPSL-CM6A-LR, MIROC6, and MRI-ESM2-0) and under the three
scenarios SSP2.-4.5, SSP4-6.0, and SSP5-8.5 with the simple difference bias correction method. Table
S2: Historical trends (1980–2014) for ERA5 and the four models with bias correction. Table S3: Values
of the z-eq for the four models regarding the historical period (1980–2014) and future time of the
models in each region (south and southeast).
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