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local transmission of coronavirus SARS-CoV-2 inside 31 states and capital of Mexico since February 29 (national
onset) to March 31, 2020. Statistical analysis was conducted to explore the association between the daily local
COVID-19 confirmed positive cases (LCPC) and both climate characteristics and the daily weather reported by
the regional meteorological stations. In this work, the local transmission ratio (LTR) was calculated with the re-
gional LCPC divided by the number of the effective contagion days since regional onset in each state. The results
showed a negative association between temperature (mean, max and min) and climate classification with both
LCPC and LTR variables. The precipitation associated positively with LCPC and LTR. The associations between the
climate classification with LCPC and LTR are statistically significant. The tropical climate (mean temperature
around 25.95 °C and mean precipitation around 8.74 mm) delayed the regional onset. However, the regional
onset in dry climates emerged earlier as consequence of the lower temperatures and higher precipitations
(20.57 °C and 20.87 mm respectively) than the observed in the tropical climate. The fastest regional onsets
were observed in tempered climates in states where the lowest temperatures and lowest precipitations were
registered (19.65 °C and 8.48 mm respectively). Meteorological factors influenced the trend on the regional out-
breaks in Mexican's states likely by the host predisposition and susceptibility during the cold winter season. In
Mexico, the climate characteristics played a crucial role on the local infection during the phase 1 being the tem-
pered regions (as Michoacan, Jalisco, Puebla, etc.) more vulnerable than the dry (as Chihuahua, Durango or Zaca-
tecas, etc.) or tropical areas (as Colima, Campeche, Morelos etc.).
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1. Introduction

Coronaviruses were not previously considered highly pathogenic to
humans until the outbreak of the severe acute respiratory syndrome
(SARS) observed in 2002-2003 in Guangdong province of China and
up to the outbreak emerged ten years later in the Middle Eastern coun-
tries known as the Middle East respiratory syndrome disease (MERS)
(Cui et al., 2019). In December 31, 2019, the official Chinese authorities
announced that a novel coronavirus capable of infecting humans had
emerged from the Huanan Seafood Market in Wuhan, China. The new
coronavirus was termed SARS-CoV-2 and COVID-19 as its respiratory in-
fectious disease. Since that, reports of positive confirmed COVID-19
cases have been informed in >205 countries worldwide (https://
coronavirus.jhu.edu/map.html, May 14-2020). In Mexico, the official an-
nouncement on the first infected patient was on Feb 29, 2020. To date,
there were informed 42,595 cumulated confirmed cases, 26,746
suspected cases, 10,057 confirmed active cases, and 4477 deceases
alongside the 31 provinces belonging to Mexico and its capital
(https://www.gob.mx/salud, May 14-2020). For previous historical out-
breaks of SARS, MERS or influenza viruses some epidemiological studies
have suggested that environmental conditions altered the spread pat-
tern. For instance, in the case of influenza infections, Tamerius and
cols., assured that in temperate regions the virus exhibited a strong oc-
currence according to the seasonal cycle: May to September (annual
summer) in the southern hemisphere and November to March (annual
winter with the minimal levels of specific humidity and temperature) in
the northern hemisphere (Tamerius et al., 2013). They concluded that
the virus is highly sensitive to high temperature. Lowen and cols., have
showed in experiments with guinea pigs as host model at laboratory
scale, that both cold (low-temperature) and dry (low-humidity) condi-
tions favor transmission of influenza increasing its infectivity (Lowen
et al., 2007). In contrast, if temperature and relative humidity increased,
the influenza transmission was entirely blocked. Regarding to SARS-CoV
in studies developed at laboratory scale, Chan and cols., founded that
such virus was active for at least 5 days at 22-25 °C within a relative hu-
midity between 40 and 50%. In opposite, once the temperature reached
38 °C with a relative humidity of 95%, the virus lost its activity. At 56 °C,
virus survival lasted only 15 min (Chan et al., 2011). Casanova and cols.,
employed the TGEV (transmissible gastroenteritis virus) and MHV
(mouse hepatitis virus) as potential surrogates of SARS-CoV to deter-
mine the air temperature and relative humidity effects on the viruses
survival once deposited in metallic surfaces (Casanova et al., 2010). At
4 °C, viruses persisted as long as 28 days. The lowest level of inactivation
occurred at 20% of relative humidity. Inactivation was faster at 20 °C
than at 4 °C and the fastest inactivation was observed at 40 °C. Tan and
cols., showed a close statistical association between environmental tem-
perature and the SARS outbreak observed in 2003 in 4 cities in China
(Tan et al., 2005). The optimum environmental temperature associated
with the SARS outbreak was observed between 16 °C and 28 °C. Yuan
and cols., confirmed a significant SARS transmission in correlation to 3
principal environmental factors: air temperature, humidity and wind
speed (Yuan et al., 2006). The above-mentioned studies predicted the
spring as the most suitable environmental seasonal condition for reoc-
currence of SARS. In contrast, Cai and cols., suggested that the SARS out-
break was significantly associated with wind speed but only to some
extent with the pressure, relative humidity and UV solar irradiation
(Caietal, 2007). Additionally, the same authors did not find association
between SARS transmission to neither air temperature nor air pollution.
Regarding MERS virus, Doremalen and cols., observed that the virus ac-
tivity persisted for long time in low-temperature and low-humidity sta-
ble and controlled conditions at laboratory scale (Doremalen et al.,
2013). Concerning the new COVID-19 disease, recent statistical re-
searches have demonstrated a solid relationship between the total num-
ber of positive cases and the cold-dry environment (between —4 °C and
15,58 °C and low humidity) registered in several countries during Janu-
ary and February 2020 (Sajadi Mohammad et al., 2020; Wang et al.,

2020; Keshavarzi, 2020; Nazari et al., 2020). According to the above-
mentioned authors, spread of the new virus was associated with the lat-
itude and longitude as geographical indicators and seasonal dynamics
(Wang et al., 2020; Keshavarzi, 2020). Additionally, Araujo and cols., as-
sured that tropical countries have been marginally affected by SARS-
CoV-2 virus and that a high COVID-19 transmission has been observed
in countries with cold-dry weather in temperate climates (Araujo and
Naimi, 2020). Similarly, Bukary and cols., estimated that the low number
of positive COVID-19 confirmed cases observed in tropical countries
might be explained due to their usual warm-humid environmental con-
ditions. They also assessed that countries experiencing high absolute hu-
midity above 10 g/m> could see in a short time a slowdown in the
COVID-19 transmissions (Bukhari and Jameel, 2020). Ma and cols., as-
sured that temperature and humidity were affecting factors related to
the number of COVID-19 mortality in Wuhan, China (Ma, 2020).
Table 1 recapitulates the above-mentioned researches regarding to the
effect of ambient factors on the survival, the transmission and/or the in-
fectivity of influenza, SARS-CoV, MERS and the novel SARS-CoV-2 vi-
ruses. As possible to see in Table 1, most of the reports rarely have
considered neither the well-differentiated stages of the epidemic evolu-
tion (phases 1, 2 or 3) nor the origin type of affected patients (imported
or local). Therefore, the present study shows the effects of the air tem-
perature, precipitation and regional climate on the daily evolution of
the local confirmed COVID-19 positive cases (LCPC) documented in 31
provinces and capital of Mexico since February 29, 2020 to March 31,
2020, i.e. during the phase 1 of the epidemic. This study contributes to
elucidate on eventual SARS-CoV-2 reoccurrence considering weather
conditions, environmental local characteristic and seasonal cycles in
each regional climate existing in Mexico.

2. Methodology

Onset data and the cumulative number of positive confirmed
COVID-19 cases, alongside with age, sex, preceding type (local or
imported), confirmation date, number of day with symptoms and
deceases per state were daily collected from the Mexican Health
Commission's website (https://www.gob.mx/salud). 1215 COVID-
19 positive total confirmed cases (TCPC) were included in this
study and they were classified as local COVID-19 confirmed positive
cases (LCPC) or imported COVID-19 confirmed positive cases (ICPC)
i.e. patients with recent previous stay or travel abroad. Climate re-
gional categorizations according to the Képpen-Geiger climate clas-
sification for each state and capital of Mexico were obtained by
INEGI database (http://en.www.inegi.org.mx/temas/climatologia/
default.html#Mapa). Full-meteorological statistical data (daily
highest, lowest and mean temperature, monthly mean atmospheric
evaporation and precipitation) were obtained from the historical
climatology database of CONAGUA (https://smn.conagua.gob.mx/
). The daily average air temperature at the height of 2 m (T,,) and
specific humidity at 1000 hPa (SH;gponpa) Was provided by the Co-
pernicus Climate Change Service database (https://climate.
copernicus.eu/). Development of a dynamic database on Excel
spreadsheet was designed in order to compile and handle the last
information. The statistical association and qualitative correlation
of both the regional climate and daily weather conditions with
LCPC for each Mexican state were calculated by the Spearman's
non-parametric test (rs). rs determines the strength or weakness
of monotonic association between variables through of positive or
negative correlation (between —1 and +1) with a concomitant sta-
tistical significance (p). All the statistical analyses were two-sided
at a 5% level of significance using the R software, version 3.5.3.

3. Results

Mexico is geographically part of North America but culturally associ-
ated with Latin America. It has around 1,972,550 km? and 125,959,205
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Table 1
Environmental effect on the survival, transmission and infection of HIN1, SARS-CoV, MERS and SARS-CoV-2 viruses.
Reference Virus, disease  Study type Preferential Disadvantageous conditions Remarks
conditions
Lowen et al., H1N1,Influenza Experimental. favor transmission: cold and dry Transmission completely Range tested 5, 20 and 30 °C
2007 Arrangement of environment (low RH of 20%-35%) blocked: High RH of 80%. RH 20% to 80%.

Tamerius et al.,
2013

Chan et al.,, 2011

Casanova et al.,
2010

Tan et al., 2005

Yuan et al., 2006

Cai et al., 2007

Lin et al., 2006

Doremalen et al.,
2013

Sajadi
Mohammad
et al.,, 2020

Wang et al.,
2020

Doremalen et al.,
2020

HINT1,
Influenza

SARS, CoV

TGEV and MHV
as surrogate
SARS virus, CoV

SARS, CoV

SARS, CoV

SARS, CoV

SARS, CoV

MERS, CoV

SARS-CoV-2
COVID-19

SARS-CoV-2
COVID-19

SARS-CoV-2
COVID-19

infected and exposed
pigs in
environmental
chamber

Modeling
epidemiological and
climatic information.
78 sites sampled
Globally.

Experimental.
Individual plastic
plate representing
nonporous surfaces.

Experimental. Risks
posed on stainless
steel surfaces related
to infectivity of
coronaviruses.

Meteorological data
and statistical
analysis.

4 cities in China
Daily incidence.
Meteorological data
and statistical
analysis.

I city (Beijing)
Daily incidence.
Meteorological data
and statistical
analysis.

China.

Secondary attack
rate

Meteorological data
and statistical
analysis.

1 city (HK)

Daily incidence.

Experimental

Meteorological data
and statics analysis.
20 cities.

Community spread.

Meteorological data
and statistical
analysis.

429 cities
Cumulative number
of confirmed cases
Experimental.
Stability in aerosol

conditions

Template regions show seasonal cycle
with low humidity conditions in the
winter (increase virus survival and
enable the transmission).

In some tropical locations

occurs during the rainy season or there
is not a well-defined influenza

season

Low temperature and low humidity
support prolonged survival of virus on
contaminated surfaces.

At 4 °C, infectious virus persisted for as
long as 28 days.

20% RH slowest inactivation.

Greater survival at low RH (20%) and
high RH (80%) than at moderate RH
(50%).

Optimal temperature for prevalence was
from 16 °C to 28 °C.

Comparatively dry season might be a
favorable condition for prevalence.

Peak spread at mean temperature 16.9
°C, mean RH 52.2% and wind speed 2.8
m/s

Significantly associated to wind speed.
Outbreak is some extent associated with
daily RH, air pressure (AP) and hours of
sunshine (HS)

Lower air temperature during the
epidemic increase daily the risk of a
larger epidemic in the community: 12.82
fold (or 18-18-fold) higher than that in
days with higher air temperature >24.6
°C

Stability for a long time (as droplets on
solid surface and as aerosol) as long as in
low-temperature, low-humidity
environment: 20 °C - 40% RH; 30 °C -
30% RH and 30 °C - 80% RH.

Significant community spread along east
west distribution 30-50 N” at
consistently similar weather patterns
(5-11 °C and low specific and absolute
humidity).

lower temperature contributes to the
growth and transmission of the virus

Stable on plastic and stainless steel (65%
RH and 21-23 °C)

No transmission at 30 °C.

NA

High temperature at high
RH has a synergistic effect
on inactivation

38 °C and RH >95%, virus
viability was rapidly lost

56 °C lasted only 15 min.

Inactivation was more rapid
at 20 °C than at 4 °C at all
humidity levels.
Inactivation more rapidly at
40 °C than at 20 °C.

NA

NA

Air temperature >24.6 °C

Either warm or humid
conditions are favorable

NA

Poor stable on copper and
cardboard (65% RH and

Low RH produced by indoor heating and
cold temperatures as features of winter
that favor virus spread in humans.

Low SH conditions facilitate the airborne
survival and transmission in temperate
regions during the cold-dry season

(i.e., winter) when SH and T are at min-
imal levels.

For sites where specific humidity and
temperature do not decrease 11-12 g/kg
and 18-21 °C, seasonal influenza activity
peaks when precipitation is >150 mm
per month.

Ranges tested (38 °C, 33 °C, 28 °C),
(>95%, 80-89%), (3, 7,11, 13,24 h) and
room temperature (22-25 °C), RH
40-50%, 4 weeks (i.e., conditions pre-
vailing in a typical air-conditioned room
or environments in subtropical areas
during spring).

Asian countries in tropical area with
high temperature and high RH environ-
ment did not have major community
outbreaks of SARS.

When high numbers of viruses are
deposited, TGEV and MHV may survive
for days on surfaces at ATs and RHs
typical of indoor environments

*Significant correlation between the
SARS cases and the environmental
temperature seven days before the onset
and the seven-day time lag (incubation
period).

Temperature, relative humidity, and
wind velocity were the three key
meteorological determinants affecting
the transmission.

Outbreak is not influenced by daily
temperature and air pollution.

Heaters and air conditioning keep the
room temperature within 18-22 °C and
contributed to the long-lasting outbreak

Potential to be transmitted via contact or
fomite transmission due to prolonged
environmental presence

“Day3” new variable was defined for the
analysis as impact of the number of
imported confirmed cases

Viable virus was detected up to 72 h
after application in all surfaces

(continued on next page)



4 F. Méndez-Arriaga / Science of the Total Environment 735 (2020) 139560

Table 1 (continued)

Reference Virus, disease  Study type Preferential Disadvantageous conditions Remarks
conditions
and surfaces (plastic, 21-23°C)
stainless steel,
copper, and
cardboard)
Keshavarzi, 2020 SARS-CoV-2 Meteorological data  Evidence of geographical signals and NA

Effect on 83% non-tropical countries (30 Lower number of cases in

Most outbreaks in relatively cool and dry Arid and tropical climates

Regional onset in dry climate came early The tropical climate (mean

High absolute humidity (>10 g/m?)
tropical countries due to could see a slowdown in transmissions

warm-humid conditions.

Stable and comfortable environment for
the patients during therapy.

Absolute humidity is
negatively associated with
daily death counts

Uncertainties in sub- Saharan Africa,
Latin Amrica and South East Asia.
Climate suitability for outbreak:
temperate warm> arid > tropics (high
temperatures and precipitation) > polar

are less favorable to spread
of the virus.

Unsuitable climates cause
the virus to destabilize

Enclosed specific phase of the epidemic

temperature around 25.95 and specificity on the contagion types

COVID-19 and 4 statistical seasonal dynamics with respect to the
analysis. effects of latitude and longitude.
1 city (Wuhan)
482 cases
Bukhari and SARS-CoV-2 Meteorological data
Jameel, 2020 COVID-19 and statistical N and above) and 90% within a
analysis. temperature range of 3 to 17 °C. ~72%
12 countries, 9 US with humidity between 3 and 9 g/m>
north states, 8 and 90% within the same range of
impacted regions absolute humidity
Total number of
cases and new cases.
Ma, 2020 SARS-CoV-2 Meteorological data  Positive association is found between
COVID-19 and statistical daily death counts and temperature
analysis.
1 city (Wuhuan)
Mortality ratio
Araujo and SARS-CoV-2 Meteorological data
Naimi, 2020 COVID-19 and statistical areas.
analysis. Temperate warm and cold climates are
Climate regions. more favorable to spread of the virus.
All reported cases Coronavirus display preference for cool
and dry conditions (—4,01 °C to 15,58 °C  quickly
and 4,68 mm to 116,06 mm)
Méndez-Arriaga, SARS-CoV-2 Meteorological data
2020 (this COVID-19 and climate as the effect of the lower temperatures
study) classification. and higher precipitations (20.57 °C and

Statistical analysis.
31 Mexican states
and Mexico city.
Phase 1.

Local confirmed
positive cases. Local
Transmission Ratio.

20.87 mm respectively). The fastest
regional onsets were in tempered
climates with the lowest temperatures
and precipitations registered (19.65 °C
and 8.48 mm respectively).

°C and mean precipitation
around 8.74 mm) delayed
the regional onset.

(local o imported) are important factors
for weather and climate association
studies.

million people (2018). Mexico has almost all the climates according to
the K6ppen-Geiger climate classification, excepting polar and continen-
tal microthermal types. Table 2 shows the TCPC, ICPC, LCPC, gender, av-
erage age, days lasting till imported and local onset, the total number of
deceases, LTR, monthly average temperature (high, low and mean),
monthly mean evaporation and precipitation as well as the predomi-
nant climate for each Mexican state and its concomitant number of in-
habitants. Moreover, daily cumulative evolution of confirmed positive
cases (local, imported and total) since regional onset and daily maxi-
mum and minimum temperature recorded for each state alongside de-
tailed climate map and geocoordinate information are depicted in
Table 3. Table 2 lists the data on ascendant LTR values and Table 3 lists
the state's information by climate clusters as tropical, dry or tempered
classification.

The evolution of ICPC, LCPC and TCPC in each of the 31 Mexico's
states and its capital were used to determine whether regional cli-
mate and daily weather condition could be a factor in the spread of
the COVID-19. This descriptive analysis have considered 3 main
thoughts further explained: a) to focus on phase 1 of the epidemic,
b) to focus on the communitarian confirmed positive cases (LCPC)
observed in each state, and c) to enclose the local transmission
rate (LTR) based on the effective regional spread since imported
onset (Ionser) case until March 31, 2020. In Mexico and internation-
ally, the COVID-19 disruption has raised high attention to govern-
ments and institutions in order to design sanitary emergency
actions. The Mexican Health Commission announced the China's
epidemic situation in January 3, 2020. Special attention was paid

on the international airports where was estimated to detect the
earliest infected people arriving to Mexican territory via airplane.
The first ICPC was announced on February 28, 2020 in Mexico City
arrived from Italy. Since that, Mexican authorities declared phase
1 and the contention strategy emphasized the isolation of all de-
tected imported cases and tracked down their primary near con-
tacts. Few days later, several contagion cases emerged (both
imported and local types) in most of Mexico's states. In March 23,
2020 phase 2 was implemented with many major governmental in-
tervention measures (for instance the massive quarantine and
massive mobility reduction) in order to deaccelerate the commu-
nal infection and to avoid the hospital-system collapse. Since
that, the massive quarantine stopped progressively the people's
daily activities through the social distance and the confinement.
In March 31, 2020, the people's quarantine and the mobility reduc-
tion up to 50% decrease were clearly manifested in all of Mexico's
states. In this study, the period since February 29, 2020 until
March 31, 2020 was of analytic importance from an epidemic-
evolution point of view. In phase 1, the human-to-human spread
of the virus in both symptomatic and asymptomatic cases was de-
veloped predominantly from people with previous stay abroad
under usual environmental conditions and unrestricted contention
control of the transmission. Neither imported cases nor deceases
account were considered as responses related to environmental ef-
fects, because the initial imported seed of infection is randomly
distributed without reasonable association neither to climate nor
weather conditions. On the other hand, during the pandemics
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Table 2

COVID-19 confirmed cases, climate and weather since February 29, 2020 until March 31, 2020.

Imported Local

Mexican state Confirmed positive Gender (\).nset 0,“set Period with . LTR Temperature . L Fore.:most T
. N since since  symptoms Deceases Evaporation Precipitation regional 1
Ranking COVID-19 cases % . . . Association
Mexican Mexican for LCPC o (mm) (mm) climate character 8
(Number of ~ on TCPC PO (°C) Temperature: LCPC
Inhabitants) account onset - onset (LPCPHae)
(Tonset)  (Lonser)
Monthly Monthly Monthly
Total Imported Local . Monthly Monthly 1
(TCPC) (ICPC)  (LCPC) M F Days Days Days Cases Cases/Day average Highest Lowest average average mean mean Group Subclass' Tmax  Twin  Tmean
temp max temp min temp

Colima

(711,235) 1 2 2 0 50 50 19 32 4 0 0.00 26.51 3473 17.79  33.06 19.96 6.5 0 A 0.00 0.00 0.00

Chihuahua

(3,556,574) 6 7 6 1 80 20 16 31 11 0 0.06 16.53 32.89 087 2515 7.92 8.4 273 B 0.36 -0.06 0.27

Durango 1

(1,754,754) 7 7 5 2 50 50 12 22 4 0.10 1836 3377 4.09 27.83 8.88 9.2 23 B 0.93 0.57 093

Tamaulipas

(3,441,698) 9 8 6 2 30 70 17 24 4 0 0.13 25.27 36.89 1198 3149 19.06 4.5 129 A 0.60 0.73 0.70

Zacatecas

(1,579,209) 5 6 2 4 60 40 23 21 13 0 0.19 19.09 3391 599 28.69 9.48 7.6 23 B 0.08 039 030

Chiapas

(5,217,908) 10 13 7 6 60 40 1 26 13 0 0.19 2547 349 1534 3267 18.26 54 21 A -0.18 049 0.12

Campeche

(899,931) 3 5 3 2 50 50 22 31 11 0 0.20 27.87 37.81 15.08 34.62 21.13 6 4.1 A -0.85 045 -0.69

Morelos

(1,903,811) 8 7 4 340 60 20 26 3 1 0.25 2454 36.62 1271 33.61 15.47 7 14.6 A -041 020 -0.40

Nayarit

(1,181,050) 4 6 3 3 70 30 22 27 2 0 0.30 24.58 3495 1393 3252 16.63 5 0.1 A 094 0.65 091

Tlaxcala ]

(1,272,847) 2 4 2 2 60 40 26 26 11 0 0.33 16.9 3077 416  27.06 6.74 58 33 C -1.00 1.00 1.00

Sonora

(2,850,330) 13 17 11 6 40 60 18 27 8 0 0.43 1791 3071 49 2579 10.02 6.6 82.1 B 029 -0.40 -0.07
San Luis Potosi

(2,717,820) 17 25 17 8 40 60 14 22 3 2 0.44 24.48 3855 1025 3193 17.02 6.1 8.6 B 0.19 0.74 0.50

Oaxaca ]

(3,967,889) 11 14 5 9 60 40 14 23 7 1 0.50 22.87 3619 1330 3125 14.48 7.1 2.8 B -0.05 -0.11 -0.08

Guerrero

(3,533,251) 12 15 7 8 60 40 18 27 4 0 0.57 26.19 3457 1728 33.63 18.75 7.4 2.9 A 029 -0.05 0.19

Querétaro ]

(2,038,372) 20 29 16 13 60 40 11 12 2 1 0.62 26.87 3396 11.80 32.14 21.59 6.2 193 B 0.24 0.70 0.61
inaloa (2,966,321 19 27 6 21 60 40 0 22 5 3 0.66 22.88 3562 9.15 3155 14.22 6.1 3 B 0.00 -0.36 -0.47
Sinaloa (. ) u

Veracruz

(8,112,505) 18 27 16 11 40 60 18 22 5 1 0.79 23.69 3549 1255 2993 17.45 5 8.1 A 036 0.74 0.69

Hidalgo

(2,858,359) 15 19 8 1160 40 19 22 10 3 0.85 2044 3399  7.63 2847 12.41 59 6.9 B 0.60 0.16 0.68

Coahuila [}

(2,954,915) 23 44 13 31 40 60 0 26 7 1 0.97 22.08 3647 789  29.16 15.00 6.4 21.6 B -0.28 -0.07 -0.19

Nuevo Leon ]

(5,119,504) 28 76 55 21 70 30 12 18 11 0 1.05 2273 3828 817 30.05 15.40 4.7 152 B 025 0.03 023
Baja California Sur

(712,029) 14 17 5 1260 40 22 23 7 0 1.20 20.02 3224 10.03 26.54 13.49 5.6 36.9 B 0.57 0.17 0.53
Quintana Roo

(1,501,562) 25 47 24 23 60 40 13 16 5 1 121 26.96 3396 1632 3220 21.72 4.6 9.6 A 0.78 0.73 0.81

Guanajuato ]

(5,853,677) 24 46 30 16 60 40 19 26 10 0 1.23 20.62  33.88 648 30.06 1118 6 12.1 C -0.48 0.77  0.02

Yucatan

(2,097.175) 27 49 24 25 50 50 13 19 6 0 1.32 2692  37.68 1221 3453 19.31 4.7 4.1 A 0.09 0.67 042
Aguascalientes ]

(1,312,544) 22 36 14 22 60 40 16 25 7 0 1.38 19.43 33.19 659 2921 9.65 8.3 1.5 B 022 0.56 048
Baja California

(3,315,766) 21 35 16 19 20 80 19 19 6 0 1.46 1439 3111 589 19.81 8.98 4.9 62.4 B 0.74 032 0.68

Michoacan ]

(4,584,471) 16 21 3 18 60 40 22 22 7 1 1.80 21.91 3327 934 31.07 12.76 57 9 C 0.14 0.16 0.20

Jalisco
(7,844,830) 30 94 61 33 8 20 14 18 7 3 1.83 2231 3483 10.55 31.67 12.95 8 1.1 C 0.01 -0.23 -0.10
Puebla ]

(6,168,883) 29 81 34 47 60 40 13 16 6 1 247 20.01 32.84 825 2894 11.09 6.3 9.6 C 034 048 0.53

Tabasco

(2,395,272) 26 48 10 38 50 50 19 26 6 1 292 27.49 37.04 1694 3337 21.61 4.5 18.8 A -0.15 0.86 0.24

CDMX u

(8,918,653) 32 234 118 116 70 30 0 13 3 8 3.63 19.51 3356 745 2798 11.04 4.9 8.1 C 0.70 041 0.67

EdoMex [}

(16,187,608) 31 149 53 96 52 44 6 16 3 1 3.69 1631 3296 434 26.02 6.59 6.1 16.2 C 0.65 042 0.67

2222 6.14 (0.866, p=0)*

MEXICO 1251 586 629 55.1 449 0 - - 29 - (19.82) - - - - (5.92) 13.99 ABC 0.1677)°

K6ppen-Geiger classification adapted by INEGI Group A: Tropical/megathermal climates s Warm humid = Warm Sub-humid = Warm, Semi-warm humid = Warm, Semi-warm sub-humid
Group B: Dry (desert and semi-arid) climates = Dry, Warm semi-dry = Dry, Temperate and semi-dry semi-cold = Dry, Warm dry = Dry, Temperate dry - Dry, Temperate dry winter rains
Dry, Warm very dry  Dry, Temperate and very dry semi-cold Group C: Temperate/mesothermal climates = Temperate, Semi-warm humid » Temperate, Semi-warm sub-humid = Tem-
perate, Humid = Temperate, Sub-humid = Temperate, Semi-cold humid = Temperate, Semi-cold sub-humid.

2Based on Monthly average T2m. > Based on Monthly average SH1000hPa. 4 T2m vs TCPC. >SH1000hPa vs TCPC.

events, the peak number of deceases normally take place during
phase 2 or 3. Deceases are strongly related to previous individual
health condition, comorbidity and/or hospital facilities availability
rather than climate and weather conditions. Therefore, LCPC factor
was chosen as reasonable variable to analyze the association with
weather and regional climate instead of ICPC or TCPC. Moreover,
due to the regional onset varied in each state, the Local Transmis-
sion Ratio (LTR) was defined as the number of local COVID-19 con-
firmed cases divided by the effective lapse of dissemination into
the cumulated days since regional imported onset (Ionser) until
March 31, 2020.

As possible to observe in Table 2, 48.23% and 51.77% were clas-
sified as ICPC and LCPC respectively. On average, there were ap-
proximately 19.65 LCPC per day. Initial imported cases came from
Europe (Spain, Italy, France and Germany), the US and Asia
(Singapore). 51.77% and 48.23% were male and female respectively
with an average age of 43.32 and 42.84 years old correspondingly.
87.5% of the states reported <50 ICPC, 9% between 51 and 100
ICPC and 3% higher than 100 ICPC. 94% of states shown 66% LCPC
and only 2% (2 locations) represented 33% of local contagion in-
cluding both Mexico City (CDMX) and Estado de Mexico (EdoMex)
urban megacities as conjoined metropolitan area with >20 millions
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Table 3
Cumulative evolution of confirmed positive cases (local, imported and total) since regional onset and daily maximum and minimum temperature recorded with the concomitant detailed
climate map according to Képpen-Geiger classification adapted by INEGI' alongside the geocoordinate data and number of inhabitants per state.

Colima
Long 114°45'36"W 103°29'9.6"W, Lat 18°2020.04"N 19°30'45"N
Number of inhabitants: 711,235
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Tamaulipas

Long 100°8'42"W 97°8'39.12"W, Lat 22°12'25.2"N 27°40'44.76"N
Number of inhabitants: 3,441,698
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of inhabitants. As possible to observe, Colima is the state with the temperature of 22.22 °C. The maximum temperature reached be-
minimum number of ICPC (2) and did not report LCPC in the stud- tween 30.71 and 38.55 °C with an average of 34.61 °C and the min-
ied period. Since February 29, 2020 to March 31, 2020, tempera- imum between 0.87 and 17.79 °C with an average of 9.97 °C,
tures in Mexico ranged from 0.87 °C to 38.55 °C with a mean respectively. Evaporation ranged from 4.5 to 9.2 mm and a mean
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Table 3 (continued)
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of 6.14 mm. The average of total precipitation during this period
was 13.99 mm. The Ty, and SH;ggonpa Values in Mexico within the
studied period were 19.82 °C (13.5 °C < Ty < 24.9 °C) and
5.92 g/kg (3.1 g/kg < SHipoonpa < 8.6 g/kg) respectively. Table 4
shows the correlation parameter rs resulted from association be-
tween TCPC, ICPC, LCPC and LTR with both meteorological mea-
sures (i.e., monthly average temperature -max, min and mean-,
evaporation and precipitation data) and the main climate regional
characterization. Qualitative climate factor was associated to

Campeche
Long 92°28'7.68"W 89°7'16.32"W, Lat 17°48'46.44"N 20°50'53.88"N
Number of inhabitants: 899,931
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Morelos

Long 99°29'39.84"W 98°37'58.44"W, Lat 18°19'56.64"N 19°7'54.12"N
Number of inhabitants: 1,903,811
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numerical equivalences as 1, 2 and 3 for tropical, dry and tempered
climates accordingly. The association between of TCPC, ICPC, LCPC
and LTR were in all cases negatively associated with temperature
(—0.007 <rs < —0.182) and evaporation (—0.221 <rs < —0.317)
without statistical significance. The association between ICPC and
monthly average Tpax Was positive. Association between of TCPC,
ICPC, LCPC and LTR were positively associated with precipitation
(0.176 <15 < 0.0282) without statistical significance as similar
with the TCPC positive association to SHyggonpa (I's = 0.1677). In



8 F. Méndez-Arriaga / Science of the Total Environment 735 (2020) 139560

Table 3 (continued)

Accumulated COVID-19 confirmed
cases

29/2/20 7/3/20 14/3/20 21/3/20
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contrast, a negative association was observed between each TCPC,
LCPC and LTR with climate factor with resulted rs values equal to
0.39041, 0.39031 and 0.46377 respectively. All of last associations
resulted statistically significant with p values of 0.02716, 0.02721
and 0.00751 concomitantly. ICPC was also negative associated
with the climate variable without statistical significance. TCPC
and T, association resulted positive and statistically significant
(rs = 0.866 and p = 0): as increasing T,p,, increasing TCPC

Nayarit
Long 106°41'16.8"W 103°43'15.6"W, Lat 20°36'11.52"N 23°5'4.2"N
Number of inhabitants: 1,181,050
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Chiapas
Long 94°8"21.12"W 90°22'12.72"W, Lat 14°31'55.56"N 17°59"7.08"N
Number of inhabitants: 5,217,908
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accordingly. Similarly, SHgoonpa associated positively to TCPC (rg
= 0.167) without statistics significance.

On the other hand, Fig. 1 shows the monthly average tempera-
ture (green bars) and monthly mean evaporation (black bars) per
state alongside to the regional LCPC (white bars) in ascending
order. As possible to observe, in general both monthly average
temperature and monthly mean evaporation decrease as LCPC
increases. Fig. 2 shows the monthly average max and min



F. Méndez-Arriaga / Science of the Total Environment 735 (2020) 139560 9

Table 3 (continued)

Guerrero
Long 102°11"2.4"W 98°0'26.28"W, Lat 16°18'57.6"N 18°53'16.08"N
Number of inhabitants: 3,533,251
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temperatures (red and blue boxes respectively) and LCPC values
clustered in tropical (pink bars), dry (brown bars) and tempered
(green bars) climates. Fig. 3 shows the mean temperature (boxes)
and LTR (bars) also classified by climate clusters (tropical in pink
color, dry in brown color and temperate in green color). As possible
to observe in Figs. 2 and 3, climate clusters pointed highlight out
the role of environmental factors on LCPC. In the dry cluster, the av-
erage evaporation value was 6.65 mm similar to evaporation
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Veracruz
Long 98°40'53.4"W 93°3628.44"W, Lat 17°8'13.2"N 22°28'18.48"N
Number of inhabitants: 8,112,505
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observed in tropical and temperate climates, 5.5 mm and
6.11 mm respectively. However, precipitation in the dry cluster
(20.87 mm) was around two folds higher, than the observed in
tropical and tempered clusters, 8.74 mm and 8.84 mm respectively.
Tropical cluster showed the highest mean temperature of 25.95 °C
in comparison to 20.57 °C and 19.65 °C for dry and temperate clus-
ters respectively. Similar behaviour was observed for the max and
min temperatures with higher values in tropical areas (32.87 °C
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Table 3 (continued)

Quintana Roo
Long 89°17'47.76"W 86°42'37.44"W, Lat 17°53'38.4"N 21°36'19.8"N
Number of inhabitants: 1,501,562
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Yucatan
Long 92°19'34.68"W 87°31'59.16"W, Lat 19°33'4.32"N 22°35'9.6"N
Number of inhabitants: 2,097,175
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and 19.03 °C) than in dry (28.39 °C and 12.75 °C) or temperate
(28.97 °Cand 10.33 °C) regions. Thus in tropical areas infectivity
of SARS-CoV-2 disfavour transmission under stable high tempera-
ture conditions. In temperate regions, both low temperature and
low evaporation with poor precipitation favoured the local infec-
tivity observed in cities such as Tlaxcala, Guanajuato or Michoacan.

LTR is statistically significant correlated to climate factor as previ-
ously observed in Table 4. LTR describes the dynamics of the epi-
demics into the effective elapsed time since regional onset.
Average onset data occurs later in tropical climates but earlier in
the dry and temperate climates (25.09, 22.35 and 19.57 days re-
spectively) as observed in Fig. 3. Thus, the negative association
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Table 3 (continued)

between LCPC and local onset is considered statistically significant
with ry = —0.65207 and p = 5E-05. Moreover, the number of days
between the Iy,ser and the Lonser Was 8.54, 8.35 and 5.28 days re-
spectively in tropical, dry and tempered climates respectively. Ac-
cording with the last results, high LCPC values would be not
expected in tropical climates such as Yucatan or Quintana Roo
states. However, as possible to observe in Figs. 2 and 3, both
Yucatan and Quintana Roo belonging to the tropical cluster, were

Tabasco
Long 94°7'48"W 90°59'15"W, Lat 17°15'3.24"N 18°39'3.6"N
Number of inhabitants: 2,395,272
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Chihuahua
Long 109°4'30"W 103°18'25.2"W, Lat 25°33'31.68"N 31°47'4.2"N
Number of inhabitants: 3,556,574
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states with high LCPC values. The last likely resulted due to the
high touristic character of both states where the ICPC were the
highest values reported (24 each) for the whole tropical cluster.
In temperate climate, the infectivity and virus transmission were
facilitated in local community due to the low-temperature and
low-humidity reported compared with temperature in the dry
and tropical clusters. Mexico city and EdoMex, classified as tem-
perate states, reported the highest national local transmission not
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Table 3 (continued)
Durango
Long 107°12'36"W 102°28"22.8"W, Lat 22°20'42.36"N 26°50'41.64"N
Number of inhabitants: 1,754,754
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Zacatecas
Long 104°21'14.4"W 100°44'31.2"W, Lat 21°2"30.84"N 25°7'30.72"N
Number of inhabitants: 1,579,209
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only justified to the environmental factors but also by the demo-
graphic aspects such as the population density (see Table 2).
Therefore, in Mexico, the climate characteristics played a crucial
role on the initial local infection during the phase 1 being the
tempered regions (as Michoacan, Jalisco, Puebla, CDMX, among
others) more vulnerable than the dry (as Chihuahua, Durango or
Zacatecas among others) or tropical areas (as Colima, Campeche,
Morelos among others). The last assumption agreed with previous
evidences observed in tropical areas of Malaysia, Indonesia, and
Thailand during the SARS-CoV outbreak in 2003 (Chan et al., 2011).

F. Méndez-Arriaga / Science of the Total Environment 735 (2020) 139560

4. Discussion

The most accepted scientific consensus agrees that the low tem-
perature and the low humidity favor the outbreak, the virus survival
and the human-to-human transmission as previously observed in
historical epidemic events. However, currently there is no consensus
of what climates or weather conditions constitute the lower or
higher limit to be considered as key-level factors for pandemics con-
trol or spread prediction. In the literature, is common to find several
parameters that could be not equivalent for a precise comparison.
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For instance 1) the chosen response of the epidemics to be moni-
tored i.e. total confirmed cases, suspected cases, mortality, hospital
collapse, etc., 2) the chosen time period for evaluation (whole epi-
demic evolution, weekly, monthly or any arbitrary lapse), and
3) the reference of environmental factors for analysis as indoor or
outdoor contexts. The vast majority of the reports are based on either
laboratory results -through in situ viral activity observations- or me-
teorological statistical evidences and mathematical adjusting

Sonora
Long 115°3'10.8"W 108°25'26.4"W, Lat 26°17'49.2"N 32°29'38.04"N
Number of inhabitants: 2,850,330
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San Luis Potosi
Long 102°17'45.6"W 98°19'33.6"W, Lat 21°9'36.72"N 24°29'29.4"N
Number of inhabitants: 2,717,820
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models. At laboratory conditions, there exist specific protocols at ex-
treme well-defined experimental environments (incubation time,
precise room temperature, controlled room humidity, host specimen
specification, etc.). Such studies evaluated the effect of “specific con-
trolled environmental conditions” on general infectivity of targeted
viruses. Results of such studies normally pointed out precise values
of room temperature or humidity as valid limits for virus survival
or inactivation (Lowen et al., 2007; Chan et al., 2011; Casanova
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Table 3 (continued)

Oaxaca
Long 98°33'9.72"W 93°52'2.64"W, Lat 15°39'25.92"N 18°40'10.92"N
Number of inhabitants: 3,967,889
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et al., 2010; Doremalen et al., 2013, 2020). However, such experi-
mental information cannot fully explain why epidemics are also
reached in localities where temperature of humidity are out of the
range experimentally observed at laboratory conditions. On the
other hand, most of the statistical methods and mathematical
models have employed data from different lapses or periods of pan-
demics. Such information is acquired with more or less detailed and
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Hidalgo
Long 99°51'34.2"W 97°59'5.64"W, Lat 19°35'52.08"N 21°23'54.6"N
Number of inhabitants: 2,858,359
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in-depth data according its availability (Wang et al., 2020; Sajadi
Mohammad et al., 2020; Keshavarzi, 2020; Bukhari and Jameel,
2020; Ma, 2020; Araujo and Naimi, 2020). The vast majority of
such studies disregard both the origin of the transmission (local or
imported) -assuming the total infection cases as the suitable variable
to monitor- and the well-differentiated phases of the epidemic
-assuming the whole pandemic lapsed as the most valid range for
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Baja California Sur

Long 115°13'26.4"W 109°24'46.8"W, Lat 22°52'19.2"N 28°0'0"N
Number of inhabitants: 712,029

1/3/20 16/3/20 31/3/20
50
(%]
b
© 40
o
g 40
h= 30 &
c o
o —
o 2
9 S
A 5o 20 g
S §
S [
E 10 10
©
E il
3 0 s [len 0
Q
< 29/2/20 7/3/20 14/3/20 21/3/20 28/3/20
[JTotal mmm|mported M ocal Tmax Tmin
Querétaro

Long 100°35'49.2"W 99°2'35.16"W, Lat 20°0'54"N 21°40'12"N
Number of inhabitants: 2,038,372
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evaluation-. Such studies are not clearly conclusive respect to the en- perfect statistical significance (p = 0): as increases temperature, in-

vironmental effects on epidemic's overall outcomes. Inappropriate creases the number of infected people as well (see Table 2). How-
focus on the epidemic lapse could release contradictory conclusions ever, this expected result comes from the ordinary seasonal cycles
as pointed out by Cai et al. (2007). For instance, in this study, the as- that cross from winter to spring season with a concomitant temper-
sociation of temperature with confirmed cases resulted positive with ature increase. Therefore, the positive association between
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temperature and TCPC with statistical significance could be mistak-
enly interpreted. In contrast, in the present analysis was possible to
evaluate the correct negative association between environmental
factors and LCPC similar than the high correlation coefficient statisti-
cally significant between LPCP and TCPC with the climatic character.
Moreover, the LTR, which takes into account the effective number of
days when the epidemics is regionally active, showed the highest

Baja California
Long 118°21'54"W 112°17'49.2"W, Lat 28°0'0"N 32°43'7.32"N
Number of inhabitants: 3,315,766
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Sinaloa
Long 109°26'52.8"W 105°23'31.2"W, Lat 22°28'1.56"N 27°2'32.28"N
Number of inhabitants: 2,966,321
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correlation coefficients in association with the climate variable (see
Table 4). The last results were observed taking in consideration
that the principal effect of environmental factors on virus transmis-
sion occurred only in the early stage of the epidemics before any im-
posed contention strategy. Therefore, both the initial lapse of the
epidemic and the contagion origin-type are of the most significant
highlights here founded useful to assure that the regional climate
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Sinaloa
Long 109°26'52.8"W 105°23'31.2"W, Lat 22°28'1.56"N 27°2'32.28"N
Number of inhabitants: 2,966,321
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Baja California
Long 118°21'54"W 112°17'49.2"W, Lat 28°0'0"N 32°43'7.32"N
Number of inhabitants: 3,315,766

character in each state did influence the initial transmission of the
COVID-19 disease in Mexico. Finally, it is important underline that
experimental results under controlled conditions at laboratory
scale offer extremely useful information to be employed during con-
finement phases 2, 3 and beyond. As shown in Table 1, SARS-CoV-2 is
stable at low temperatures (between 5 and 11 °C or generally below
20 °C) and low humidity (generally dry condition) (Doremalen et al.,

2020). Commonly, in tropical and warm-dry climates the indoor en-
vironment is artificially adjusted by air-condition apparatus that re-
duces the temperature and the humidity for comfortable spaces. In
the dry cluster analyzed in this study, the LCPC was high in states
such BC and BCS likely linked to the intensive use of air-
conditioning instrument in agreement with observations previously
reported in Singapore and Hong Kong by Chan and cols. (Chan et al.,
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Table 3 (continued)

Coahuila
Long 103°57'36"W 99°50'35.16”"W, Lat 24°32'33.72"N 29°52'48"N
Number of inhabitants: 2,954,915
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Tlaxcala
Long 98°42'30.24"W 97°37'31.44"W, Lat 19°6'18.36"N 19°43'44.04"N
Number of inhabitants: 1,272,847
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2011). The use of air-condition apparatus promotes the most appro-
priate conditions for survival of the SARS-CoV-2. Therefore it is im-
portant avoid the low temperature and low humidity in both
indoor hospitals and room-home level spaces during phase 2 and 3
under implemented strict contention strategies. In Mexico, the quar-
antine obligation in phase 2 and 3 resulted in reduction until up 70%

of the mobility in metropolitan areas with >20 million of inhabitants.
People stayed at home in a massive extent. Taking into account that
the virus infectivity decreases as temperature and humidity in-
creases some public health recommendations could generate mas-
sive non-contagion indoor areas. The employment of commercial
humidifiers and heaters or even better, natural solar warm and
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Table 3 (continued)
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fresh air circulation when possible, could be effective massive sani-
tary strategies in order to reduce the virus transmission as well as
to decelerate the hospital system collapse.

5. Conclusion

The occurrence of confirmed local cases of COVID-19 in Mexico
has been analyzed taking into account the weather and climate of

Guanajuato
Long 102°5'49.2"W 99°40'16.68"W, Lat 19°54'46.08"N 21°50'21.84"N
Number of inhabitants: 5,853,677

1/3/20 16/3/20 31/3/20
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Michoacan
Long 103°44'16.8"W 100°3'46.8"W, Lat 17°54'53.64"N 20°23'40.56"N
Number of inhabitants: 4,584,471
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each of 31 states and the capital during the phase 1 of the epidemic
progress. The evolution of COVID-19 was analyzed through in the
number of LCPC rather than TCPC or ICPC. Neither ICPC nor deceases
described the environmental effect on transmission in phase 1.
COVID-19 local spread was strongly associated with both the climate
and daily environmental conditions due to during phase 1 the trans-
mission occurred freely without contention strategy influences.
Thus, the regional climate in each Mexico's state has a central role
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Table 3 (continued)

in the initial local SARS-CoV-2 transmission. TCPC (i.e. ICPC+LCPC)
associates positively with daily average air temperature. High tem-
perature and high evaporation in tropical climates are the best-
combined predictors as a disadvantaged condition for SARS-CoV-2
survival. Daily incidence of COVID-19 increased slowly in states be-
longing to tropical cluster. Template condition promotes the highest
LCPC observed. Temperature and evaporation were negatively asso-
ciated with the LCPC without statistical significance. Regional

Jalisco
Long 105°41'42"W 101°30'39.6"W, Lat 18°55'33.24"N 22°45'0.72"N
Number of inhabitants: 7,844,830
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Puebla
Long 99°4'13.8"W 96°43'28.92"W, Lat 17°51'39.24"N 20°50"24"N
Number of inhabitants: 6,168,883
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climate was statistically significantly associated with LCPC and LTR.
Dry and temperate cold climates are the more suitable environmen-
tal conditions for transmission. The tropical climate (mean tempera-
ture around 25.95 °C and mean precipitation around 8.74 mm)
delayed the regional onset. However, the regional onset in dry cli-
mates emerged earlier as consequence of the lower temperatures
and higher precipitations (20.57 °C and 20.87 mm respectively)
than the observed in the tropical climate. The fastest regional onsets
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Table 3 (continued)

CDMX
Long 99°21'53.64"W 98°56'25.08"W, Lat 19°2'53.52"N 19°35'34.08"N
Number of inhabitants: 8,918,653
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Estado de Mexico
Long 100°36'46.8"W 98°35'48.84"W, Lat 18°22'0.84"N 20°17'9.24"N
Number of inhabitants: 16,187,608
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Underlined colored squares represent the best climate descriptor in the most populated urban area in each state.

were observed in tempered climates with the lowest temperatures
and precipitations registered (19.65 °C and 8.48 mm respectively).
Therefore, the regional climate was strongly associated with initial
COVID-19 local contagion during the phase 1 being the tempered re-
gions (as Tlaxcala, Guanajuato, Jalisco, among others) more
vulnerable than the dry (as Aguascalientes, Sinaloa, Queretaro,

among others) or tropical areas (as Veracruz, Guerrero, Chiapas,
among others). Any attempt related to evaluate the effect of outdoor
environmental factors on the spread, transmission or virus survival
should take into account both the phase of the epidemic evolution
and the effective active period of the virus since regional onset on
communitarian transmission.
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Table 4
15 coefficient between the two variables. p value is shown if association is considered statistically significant.
Temperature Monthly mean Monthly mean Specific Climate type
evaporation precipitation humidity
Monthly Max Min Monthly Monthly Tom SHi000hpPa
Mean AverMax AverMin
Confirmed COVID-19  Total —0.075 —0.007 —0.123 —0.112 —0.034 0.866,p —0.279 0.256 0.167 —0.39041,p =
positive cases = 0.02716
Imported —0.076 0.012 —0.147 —0.123 —0.021 - —0.221 0.282 - —0.314
Local —0.067 —0.040 —0.068 —0.084 —0.042 - —0.268 0.180 - —0.39031,p =
0.02721
LTR —0.158 —0.182 —0.112 —0.155 —0.134 - —0.317 0.176 —0.46377,p =
0.00751
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Fig. 1. Monthly average temperature (green bars) and monthly mean evaporation (black bars) per state alongside to the regional LCPC (white bars) in ascending order.
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Fig. 2. Monthly average max (red boxes) and min (blue boxes) temperatures and LCPC clustered in tropical (pink bars), dry (brown bars) and tempered (green bars) climates.
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Fig. 3. Mean temperature (boxes) and LTR (bars) classified by climate clusters: tropical in pink color, dry in brown color and tempered in green color.
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