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The potential reasons why COVID-19 is not spreading rapidly in Sub-Saharan Africa include 
sociopolitical, biological and environmental variables. Among the latter, some studies indicate 
temperature and atmospheric pressure as significantly influential. Could they have impact on the 
number of COVID-19 cases in Mozambique? The aim of this study is to analyze the relationships 
between weather and the frequency of confirmed COVID-19 cases in Mozambique, Southern Africa. The 
study was conducted in Mozambique, Maputo area (Province and City) and Nampula Province. Daily 
history of weather variables – daily maximum and minimum temperatures and atmospheric pressure – 
was obtained from three online databases (AccuWeather, Time and Date AS and WeatherSpark) and the 
number of COVID-19 cases from official Government’s daily Bulletins. The main statistical analyses 
were Pearson correlations between the variables. The first case was observed in the Maputo area on 22 
March, 2020 and the cases in Mozambique increased exponentially up to 769 by 24 June, 2020. The first 
three cases in Nampula province were observed on 24 May 2020 but its frequency surpassed Maputo 
area’s within one month. Temperatures showed negative correlations with the number of cases in all 
areas and pressure showed positive correlations in Maputo area and Nampula Province. A bubble chart 
allowed the visualization of the combined relationship of both weather variables and the number of 
cases, suggesting that the number of cases increases as temperature decreases and pressure 
increases. Temperature and atmospheric pressure seems to be correlated with the number of 
confirmed cases of COVID-19 in Mozambique. Thus, decision-makers should consider weather as a 
predictor of the rate at which the pandemic is spreading in the country. 
 
Key words: COVID-19, Mozambique, Maputo, Nampula, weather, temperature, atmospheric pressure. 

 
 
INTRODUCTION 
 
Mozambique was among the last  countries  in  the  world  with confirmed  cases  of  COVID-19,  on  22 March 2020  



 

 

 
 
 
 
(World Health Organization 2020d, c). President Jacinto 
Nyusi (2020b) declared an Emergency State for the 
entire Mozambican territory through the Decree 11/2020, 
considering COVID-19 as public calamity. By then, there 
were already half a million people infected worldwide, 
with 30,000 dead (Nyusi, 2020b). Just before 
Mozambique presented the first confirmed cases of 
COVID-19, all countries around already had cases 
(Nyusi, 2020a). The Government was engaged in 
COVID-19 surveillance and control, following guidelines 
from the World Health Organization (WHO) (Nyusi, 
2020a). There were 788 cases by the end of June, still 
increasing (SAVANA, 2020). Most cases have been mild 
(Nyusi, 2020a; SAVANA, 2020). 

There are several social, biological and environmental 
factors affecting the dissemination of COVID-19 in Africa 
(Cambaza, 2020; Nachega et al., 2020; Njenga et al., 
2020) and worldwide. There have been several 
unexpected events, at least considering their magnitude, 
such as the disproportionally high frequency of cases in 
the northern hemisphere in relation to the south (World 
Health Organization, 2020a), or simply the fact that Africa 
did not face the calamity as severely as the developed 
world, even with its vulnerable healthcare systems 
(Houssin et al., 2020) or precarious hygiene or sanitation 
(Gates, 2020). There is plenty of focus on what scientists, 
legislators and decision-makers have to do to minimize 
COVID-19 dissemination but the role of environmental 
variables such as temperature or atmospheric pressure 
should not be underestimated. For instance, low 
temperature and high humidity have been associated to 
high frequency of confirmed cases in China, particularly 
Wuhan City (Ma et al., 2020; Wang et al., 2020b). 
Despite the remarkable effort of the National Institute of 
Health (Instituto Nacional da Saúde, 2020b), press and 
mainstream media to inform the population, there is 
plenty of misinformation and panic, and also lack of 
attention to potentially reliable tools and data which could 
at least support key decision-makers. In their brief report, 
Battineni et al. (2020) asked an important question: how 
is weather related to COVID-19? In theory and according 
to observations, weather should affect COVID-19 
dissemination (Ma et al., 2020; Wang et al., 2020a), as it 
at least affects the epidemiology of other hygiene-related 
diseases (Cambaza et al., 2019, 2020; Mongo et al., 
2020). Thus, this paper aims to analyze how two 
meteorological variables – temperature and atmospheric 
pressure – have been influencing the dynamics of 
COVID-19 dissemination in Mozambique. If there are 
correlations between weather variables and the 
frequency of confirmed cases,  it  is  possible  to  develop  
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weather-based models to forecast the number of cases. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
Mozambique (Figure 1) is a southeastern African country 
surrounded by Tanzania and Malawi (north), Zambia (northwest), 
Zimbabwe (east), South Africa and Swaziland (southwest) and 
Indian Ocean (east). The area is 801,590 km

2
 and the population is 

27,909,798 (2017 census), with a density of 28.7/km
2
. The total 

GDP is US $41.473 billion (US$1,331 per capita), with most people 
living below the poverty line (US $1.90 per day (The World Bank 
Group, 2020)). Furthermore, the healthcare system hardly covers 
the entire country, with approximately 7.7 doctors and 27 nurses 
per 100 inhabitants (Ministério da Saúde, 2016). There are serious 
hygiene issues in urban and suburban settings, for instance, in 
markets (Cambaza et al., 2018), and in the environment infectious 
diseases such as malaria and cholera are endemic (Cambaza et 
al., 2020; Ferrão et al., 2016). 

The current manuscript is focused on the entire country, Maputo 
area (in this manuscript described as the combination of Maputo 
City and Maputo Province, south) and Nampula Province (in the 
northern area); both locations are among the ones with the largest 
numbers of confirmed cases by the end of June 2020 (Ministério da 
Saúde, 2020b). Maputo City is the country’s economic and political 
capital and Maputo Province includes Matola City, the country’s 
largest industrial park. Thus, Maputo area is the country’s busiest 
area; it is multicultural, frequently receiving people from all over 
Mozambique. Furthermore, the so-called Maputo Development 
Corridor is a strategic route for cargo and people from the Indian 
Ocean to northeastern South African provinces (Dzumbira et al., 
2017; Rogerson, 2001). The corridor has been a potential source of 
exposure to COVID-19 since South Africa recorded the highest 
number of confirmed cases in the entire continent (124,590 by 27 
June 2020). Nampula Province might be highly vulnerable to rapid 
dissemination of COVID-19 because it is the country’s most 
populated (6,102,867 inhabitants) and densely populated area 
(74.8 inhabitants per km²) (Instituto Nacional de Estatística, 2017); 
it has some social practices such as polygamy (Arora, 2016), and 
there is also Nacala Corridor, the first point of entry of cargo and 
people from Asian countries to Mozambique, Malawi and Zambia, 
among other countries (Jesus Rock and Wu, 2020; Zaehringer et 
al., 2018). Also, Nampula City is the capital of northern 
Mozambique and many tourists visit Nampula Province due to 
Mozambique Island, a world heritage (Dantas e Sá and Mather, 
2011). 

 
 
Data collection 

 
The main variables for the current analysis were maximum and 
minimum daily temperatures, number of COVID-19 confirmed and 
new cases (Mozambique, Maputo area and Nampula Province), 
and atmospheric pressure (Maputo area and Nampula Province). 
This study used data from the following sources: 

 
(i) Temperature  data  of  Mozambique,  in  general,  were  obtained 
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Figure 1. Mozambique.  
Source: United Nations (2013), under public domain. 

 
 
 
from AccuWeather (2020)database. AccuWeather’s source is the 
US National Weather Service (2020); 
(ii) Time and Date AS (2020), and online database with weather 
history (maximum and minimum daily temperature and pressure) of 
Maputo area and Nampula Province. Its data can be traced to 
stations run by the World Meteorological Organization (WMO) and 
Meteorological Assimilation Data Ingest System (MADIS), a 
database of the US National Weather Service (2020);  
(iii) Cedar Lake Ventures Inc. (2020) (WeatherSpark) to estimate 
values of missing data in Time and Date AS database. Data from 
Weather Spark do not comprise observations. Instead, they are 
estimated based on historical records provided by MERRA-2 
satellite of the National Aeronautics and Space Administration 
(NASA) after some accuracy correction according to the 
International Standard Atmosphere (International Organization for 
Standardization, 1975); 
(iv) The website “Fica Atento” from Instituto Nacional da Saúde 
(2020a) (INS), Mozambique, with  daily  updates  about  number  of  

COVID-19 new and confirmed cases. 
 
 
Statistical analysis 
 
Statistical analysis was performed on Microsoft Excel 2016™ 
(Microsoft Corporation, Washington DC, US), JASP (version 0.10.2, 
University of Amsterdam, Netherlands) (Team, 2019) and SPSS 
Statistics (International Business Machines, Armonk, New York, 
USA). Trends of daily temperature and atmospheric pressure 
through time plotted and analyzed through regression and curve 
fitting, on Excel. The same software was used to plot the number of 
confirmed cases in Mozambique, Maputo area and Nampula 
Province since 22 March until 24 June 2020. Then, the data were 
transferred to JASP and used to determine correlations between 
maximum and minimum daily temperature and number of confirmed 
COVID-19 cases in Mozambique. The same analysis was 
performed   for   Maputo   area  and  Nampula   Province   including  
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Figure 2. Temperature variation in Mozambique from 22 March to 21 June 2020. 

 
 
 
atmospheric pressure. Finally, on SPSS, a bubble plot allowed the 
combined analysis of the combined relationship between weather 
variables – minimum temperature and pressure – and the 
frequency of confirmed cases. 

 
 
RESULTS AND DISCUSSION 
 

Weather variation 
 

Kolmogorov-Smirnov tests show significant variations in 
maximum and minimum daily temperatures (p < 0.001) 
for both, from 22 March to 24 June 2020. Despite 
fluctuations, it is possible to notice that both temperatures 
have been decreasing (), although only the minimum 
daily temperature presented considerable consistency 
with a simple algebraic trend (R

2
 ≈ 0.65). It is well-known 

that temperature in Mozambique consistently decreases 
from mid-April to mid-July, and this period, 
meteorologically described as the dry season, is widely 
perceived as the winter due to the temperature drop. 
Previous research from China showed that temperature 
is inversely proportional to incidence of COVID-19 (Ma et 
al., 2020; Wang et al., 2020a). This is relevant because 
some authorities believe that respiratory diseases such 
as influenza are more incident during winter because 
people tend to stay indoors during this season, thus more 
easily infecting each other (Lowen and Steel, 2014). If 
this is the case, rather than a direct effect of the 
temperature on the viral particles, the  temperature  might 

not be important. The perceived winter is leading people 
to stay indoors, favoring proliferation of COVID-19, even 
if the season is not as cold winter from temperate or 
subpolar areas. 

In Maputo area, the maximum and minimum daily 
temperatures showed similar trend with the entire 
country, and it is possible to notice that logarithmic 
regression shows more consistency, as R

2
 values 

indicate (a). Maputo is the country’s most southern area, 
the furthest from the equator, and among the few below 
the Tropic of Capricorn, thus its temperature decline was 
understandably below the country’s average. By the logic 
of the aforementioned Chinese researchers (Ma et al., 
2020; Wang et al., 2020a), Maputo is among the most 
vulnerable areas for the dissemination of COVID-19. 
Indeed, Maputo area was the first with confirmed cases 
(Tiago, 2020a) and it has been consistent among the 
locations with the highest frequency of cases, presenting 
by 3 July 2020 the third highest number of cases 
(Ministério da Saúde, 2020b). Yet, several other reasons 
are likely affecting the incidence of COVID-19 in Maputo 
area, as it includes Maputo City, the capital and 
Mozambique’s most densely populated area, and Matola 
City, the country’s largest industrial park. For instance, 
Maputo shares its border with South Africa, the location 
with the highest number of confirmed COVID-19 cases in 
Sub-Saharan Africa by the end of June 2020 (World 
Health Organization, 2020e).In addition,  Maputo  City  
has  an  international  airport  and  
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(a) 

 
(b)  

 

Figure 3. Temperature variation in (a) Maputo area from 22 March to 24 June 2020 and (b) 
Nampula Province from 24 May to 24 June 2020. 

 
 
 

port, being perhaps the major point of entry for people 
coming from abroad. Domestically, there is frequent 
migration between Maputo City and the rest of the 
country. 

Nampula also showed decline in maximum and 
minimum daily temperatures (b), even though the current 
analysis included less data for this area, starting 
approximately two months when compared to the country 
and Maputo. The trends of temperature decline are also 
consistent  with   logarithmic  functions,  and  the  idea  of 

increased risk of COVID-19 dissemination applies in 
Nampula Province. Furthermore, Nampula area also has 
other factors potentially affecting the dynamics of COVID-
19 transmission among people, as the area hosts the 
country’s third capital (also called Nampula), has an 
international airport and port, among other factors. Its 
privileged position in northern Mozambique makes its 
port, in Nacala City, the first location where ships from 
Asia arrive, and countries without sea, such as Malawi 
and   Zambia,   rely   considerably   on.   Thus,    there   is  
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considerable movement of people and goods in Nampula 
Province. Yet, Nampula is very far from South Africa, not 
having the same risk of immigration of infected people as 
Maputo area; it is not as busy as the country’s capital and 
the first case of COVID-19 was observed two months 
after the first case in Maputo. Furthermore, its position in 
northern Mozambique, closer to the equator, makes the 
province warmer than Maputo, and this idea is consistent 
with the observations in  analyzing the period from 24 
May to 24 June 2020. 

Atmospheric pressure is responsible for air movement 
(wind), formation of clouds and, ultimately, rainfall and 
humidity (Özgür and Kocak, 2015). Thus, it has a major 
influence on weather variation, potentially affecting any 
health condition affected by the aforementioned weather 
variables. For instance, by affecting rainfall, it can 
influence the dynamics of hygiene-related diseases such 
as cholera (Cambaza et al., 2019, 2020; Mongo et al. 
2020). COVID-19 is widely described as a hygiene-
related disease (World Health Organization, 2020h; 
Dalton et al., 2020), and this gives some pertinence to 
the idea that atmospheric pressure affects the dynamics 
of SARS-CoV-2 dissemination. 

 presents the variation of atmospheric pressure in 
Maputo area (a) and Nampula Province (b) each since 
the day of confirmation of the first case of COVID-19. 
While pressure variation in Maputo did not fit to any 
simple algebraic curve, in Nampula it was highly 
consistent with a six-degree function (R

2
 ≈ 0.8). 

In Maputo, the trend might be trigonometric or another 
more complex, but perhaps the inconsistency is related to 
the fact that the pressure was measured during the 
transition from the rainy season to the dry season (since 
mid-April) (Uele et al., 2017), while in Nampula all the 
measurements correspond to the dry season. Indeed,  
pressure in Maputo is also measured from 24 May to 24 
June 2020, R² ≈ 0.7. According to Gay Lussac’s law, 
pressure and temperature have an inverse relationship. 
In other words, increase in one will cause the other to 
decrease. As the coolest season arises, cold air, with 
less energy and mobility tend to become more 
concentrated and exert higher pressure on the earth’s 
surface. In this case, there is less air and water moving 
up and less precipitation. On the other end, the 
temperature regarded as low in the dry season might be 
per se a reason for increased COVID-19 incidence in 
Mozambique. 
 
 
Number of cases and correlation with weather 
 
The data show how the number of confirmed cases has 
been increasing in Mozambique (a). The trend is 
exponential, as the number of new cases also seems to 
be higher over time, and the pattern seems similar to the 
initial stages in China (until 12 February 2020) and 

globally (until 23 March 2020) (World Health Organization, 
2020e). Interestingly, the first case of COVID-19 in 
Mozambique (on 22 January 2020) appeared exactly in a 
period when cases were starting to slow down globally, 
especially in Europe, as WHO COVID-19 Situation 
Report 159 shows (World Health Organization 2020e). 
According to this document, the cases in Mozambique 
and other African areas appear to be part of a third 
“wave” after the Chinese and the European. The new 
wave, the largest so far, includes America, Eastern 
Mediterranean area, South-East Asia and Africa. 

Data from the National Institute of Health show that 
COVID-19 is not only becoming more prevalent but also 
widespread throughout Mozambique (Jani, 2020). This 
suggests similarities between the dynamics of COVID-19 
dissemination in Mozambique and elsewhere, likely due 
to same reasons, although the disease is spreading 
considerably slowly in Mozambique (Chongo et al., 
2020). For instance, COVID-19 is a new disease, still 
under research and, although there is virtually 
countrywide awareness, there is misinformation due to 
infodemic and sensationalist journalism. This makes it 
difficult for the Government to properly respond and 
ensure people’s safety during the pandemic. 

Maputo area was the first reporting confirmed cases of 
COVID-19, on 22 March 2020, and remained as the only 
affected area for two weeks until Cabo Delgado Province. 
Mozambique took almost four months since the Chinese 
government reported the outbreak of COVID-19 to WHO 
and, by then, the organization already had several 
guidelines for COVID-19 management, including the 
Strategic Preparedness and Response Plan (Boakye-
Agyemang and Oka, 2020; Gilbert et al., 2020; Makoni, 
2020). This helps in part in explaining why the pandemic 
is spreading slowly throughout the area (Cambaza, 
2020). The cases were initially imported by Government 
officials and businesspeople from places such as 
London, Dubai and Lisbon (SAVANA, 2020), then from 
South Africa, as several foreign workers were repatriated 
as part of the latter’s emergency plan to control COVID-
19 (Sociedade Notícias, 2020). 

Nampula Province was among the last areas 
presenting confirmed cases of COVID-19, with the first 
three recorded on 24 May 2020 (Ministério da Saúde, 
2020c). However, in less than a month, on 16 June 2020, 
it became the province with the highest number of cases, 
after sudden “leaps” on 2, 4 and 6 June and a few other 
events (b). A Wilcoxon rank test shows significant 
difference between the number of new cases in Maputo 
area and Nampula Province shows significant differences 
(p = 0.035) considering how the pandemic spread in the 
initial 1 month. The trend in Nampula was logarithmic (y = 
53ln(d)+ 64.9; d = number of days; R² = 0,91) since 6 
June 2020 suggested a lower COVID-19 reproduction 
rate (R0) than 3.28, as calculated by Liu et al. (2020), or 
even 1.4–2.5 estimated by WHO, typical
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(a) 

 
(b) 

 
Figure 4. Atmospheric pressure variation in (a) Maputo area from 22 March to 24 June 2020 and (b) 
Nampula Province from 24 May to 24 June 2020. 

 
 
 
in areas such as China or Europe (World Health 
Organization, 2020e). Mozambique and Maputo area 
also  presented   a   seemingly  exponential  trend.  Some 

superspreader event quickly disseminated the disease 
but it was later isolated or controlled (Tiago, 2020b; 
Governo de Moçambique, 2020), as it  would  explain  an 
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(a) 

 
(b)  

 
Figure 5. Frequency of (a) confirmed cases in Mozambique, Maputo area and Nampula 
Province and (b) new cases in Maputo Area and Nampula Province from 22 March to 24 June 
2020. 

 
 
 
early inflexion from the initially exponential dissemination 
of the disease expected to a phase of a declining 
reproduction rate (Fujie and Odagaki, 2007; James et al., 

2007). For instance, Cabo Delgado, a province sharing 
Nampula’s northern border () was the first province in 
Mozambique showing evidence of community  
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Figure 6. Correlations between confirmed COVID-19 cases and temperature variation in Mozambique from 22 March to 24 
June 2020. All correlations were significant (p < 0.001). Tmin (C) = minimum daily temperature in degree Celsius; Tmax (C) 
= maximum daily temperature in degree Celsius; r = Pearson’s correlation; CI = confidence interval. 

 
 
 
transmission (Ministério da Saúde, 2020c). Perhaps 
SARS-CoV-2 positive people migrated from Cabo 
Delgado to Nampula, and the fact that the “leaps” 
occurred within a week is consistent with the idea that the 
Ministry of Health has acted promptly according to WHO 
guidelines (Allegranzi et al., 2020; World Health 
Organization, 2020f, 2020g), isolating or controlling the 
super spreader. 

Besides likely immigrations of SARS-CoV-2 positive 
individuals from Cabo Delgado, it is worth considering 
aforementioned factors potentially facilitating the 
propagation of the pandemic in Nampula Province, such 
as the large and dense population in comparison with 
other areas, polygamy and other population clustering 
social practices, Nacala Corridor and tourism (Instituto 
Nacional de Estatística, 2017; Arora, 2016; Jesus Rock 
and Wu, 2020; Zaehringer et al., 2018; Dantas e Sá and 
Mather, 2011).  

Pearson’s correlations (r) suggest significant impact of 
temperature on the number of confirmed cases (), 
especially the minimum daily temperature. As expected 
from previous observations (Ma et al., 2020; Wang et al., 
2020a), the  number  of  cases seems  to  be inversely 
proportional to temperature. There are two indicators that 

low temperatures are associated to increased cases of 
COVID-19: the inverse proportionality between 
temperature and number of cases and the fact that the 
minimum daily temperature presented a higher 
correlation with the number of confirmed cases. 

The observations are also consistent with how 
widespread the disease was, by 25 February 2020, in the 
northern hemisphere (winter) and how sporadic it was in 
the southern (summer) (World Health Organization 
2020b), and how quickly COVID-19 spread in the latter 
as it became increasingly cooler. Furthermore, South 
Africa has its most southern regions with very cold 
weather, sometimes snowing, and it is the African country 
with the highest number of cases. Interestingly, the 
number of cases in South Africa and other African areas 
(World Health Organization 2020e) has been increasing 
since the end of summer. 

When the maximum daily temperature was within the 
range 25-30°C and the minimum was within 14-16°C 
there was a higher dispersion of number of cases (for 
instance, the frequency range of confirmed cases). By 
following the gridlines on  , it  is  possible  so  see that 
these temperature ranges seem to correspond mostly to 
the same dates, during May 2020. Thus, perhaps for this 



 

 

 
 
 
 
particular analysis temperature only suffices, whether it is 
maximum or minimum. This said, from the ranges 
mentioned, the level of dispersion decreases as 
temperature rises. Such dispersion might reflect some 
instability in the number of cases associated to the 
temperature ranges, and it reduces as one moves out of 
these “hotspots”. Temperatures below these ranges have 
fewer records, likely because Mozambique is in general a 
warm country, even during the dry season, rarely having 
temperatures low enough to produce ice in the 
atmosphere. May was a period of remarkable 
epidemiological turns in Mozambique: (1) b shows 
unprecedented number of new cases in Maputo between 
10 May and 24 May 2020; (2) the comparison of the 
National Institute of Health daily reports from 1 May and 1 
June 2020 (Ministério da Saúde, 2020d, 2020a) shows 
that it was during May 2020 that COVID-19 disseminated 
from 2 regions (Maputo area and Cabo Delgado 
Province) to the rest of the country. The high dispersion 
of confirmed cases in relation to some temperatures 
might be also due to the variation of frequency of cases 
throughout the different areas of Mozambique. In any 
case, temperature seems to play a role in the incidence 
of COVID-19 in the country. 

The correlations between temperature and number of 
cases were even stronger and more significant in Maputo 
area and Nampula Province (p < 0.001; ). Maximum and 
minimum daily temperatures were also inversely 

proportional to the number of cases, and there seems 
to be a more constant dispersion of frequencies of 
confirmed cases. The latter observation is consistent with 
the idea that such dispersion, observed in Figure 6, is in 
truth due to the consideration of several provinces, each  
with a particular number of confirmed cases. Minimum 
daily temperatures still show stronger impact on the 
number of confirmed cases. There are evident similarities 
between the observations in Mozambique, Maputo area 
and Nampula Province, as from all perspectives 
maximum and minimum daily temperatures presented the 
same sort of correlations with the number of cases. 
Indeed, regarding Maputo area (Figure 7a), these 
observations are highly related in part because initially all 
cases in Mozambique were observed in Maputo City, 
then Maputo Province, and even by the end of June 2020 
Maputo area was among the areas with the highest 
number of cases. 

By 8 July 2020, Maputo area, Cabo Delgado and 
Nampula provinces still presented the highest number of 
confirmed cases (Ministério da Saúde, 2020a). These are 
the areas expected to affect more strongly the country’s 
epidemiological profile of COVID-19. The fact that 
Nampula Province (a) also presents significant 
correlations and the same trends as the country and 
Maputo area support  the  idea  that  temperature  affects 
the number of cases. In any case, lower temperatures 
present, once again, higher correlation with the number  
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of cases and this is consistent with observations by Wang 
et al. (2020a) and Ma et al. (2020). 

As  shows, atmospheric pressure also showed 
significant correlation with the frequency of confirmed 
cases in Maputo area (p < 0.001; r = 0.518) and Nampula 
Province (p = 0.002; r = 0.533). It is well-known among 
meteorologists that high pressure originates sunny 
weather, sometimes foggy, while low pressure causes 
the formation of clouds and precipitation (Özgür and 
Kocak, 2015), and in part that is why pressure is 
measured in first place. By this logic, low pressure should 
increase the propensity for hygiene-related infectious 
diseases, and it is widely believed that COVID-19 
belongs to this category (Ghebreyesus et al., 2020). 
However, the observation shows an opposite trend in 
both Maputo area and Nampula Province, the two of 
them with acceptable Pearson’s correlations. Perhaps 
rainfall was not the main pressure-related cause of 
COVID-19 dissemination because the dry season lasts 
from April to September in Mozambique, as several 
authorities agree (Uele et al., 2017; Manhique et al., 
2019; Dade et al., 2014). Furthermore, the same sources 
showed that Maputo area’s average annual precipitation 
is rarely above 875 mm, being among the provinces with 
lower values. Nampula Province seems to be higher 
(mostly below 1,043 mm), but provinces such as Niassa, 
Manica and Zambézia have higher average precipitation 
per year, the latter presenting 2,135 mm in some districts.   
Thus, the relatively low levels of precipitation in these 
areas, combined with the dry season might not have 
produced enough water to cause major sanitation issues 
and facilitate the propagation of COVID-19. On the other 
hand, pressure seemed directly proportional to the 
number of cases, and this might be related to increased 
production of fog (Louw et al., 1998), thus, increased 
humidity in the air and on surfaces.  

COVID-19 transmission route is still to be thoroughly 
understood (MacIntyre 2020; Jasarevic et al., 2020), but 
sources such as WHO (Organização Pan-Americana da 
Saúde, 2020) state that infected surfaces play a major 
role. 

It is perhaps a good idea to analyze the combined 
relationship between both weather variables analyzed 
and the number of confirmed cases (). Since the first 
COVID-19 case was confirmed in Mozambique, as winter 
approached, the average trend of temperature was 
decreasing (), accompanied with increasing number of 
confirmed cases. Unlike temperature, the pressure 
increased in Maputo area and Nampula Province. 
Therefore, the results in both Maputo area and Nampula 
Province showed consistent ensemble relationship 
between the weather variables and the number of 
confirmed cases. The figures show greater number of 
confirmed cases when temperatures are lower and 
pressure higher, as expected. The phenomenon was less 
noticeable in Nampula Province (b), certainly because its  
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Figure 7. Correlations between confirmed COVID-1 cases and temperature and pressure variation in Maputo area from 22 
March to 24 June 2020. Tmin (C) = minimum daily temperature in degree Celsius; Tmax (C) = maximum daily temperature 
in degree Celsius; r = Pearson’s correlation; CI = confidence interval. 

 
 
 
sample was smaller than Maputo’s, yet it is clear that the 
number of confirmed cases decreases as one moves 
from the chart’s top left to bottom right. 

Previous research by Guo et al. (2019) in Guangzhou, 
China showed that mean temperature and atmospheric 
pressure were associated with influenza cases. 
According to these authors, temperature is inversely 
proportional to influenza cases, while the risk of influenza 
increases  with   the  increase  of  atmospheric  pressure. 
Since COVID-19 is a respiratory disease frequently 
perhaps shares some features with other respiratory 
associated to low temperatures (Wang et al., 2020a),  it 

influenza and other respiratory diseases. Other studies, 
also in China, showed that local weather conditions with 
low temperature, mild diurnal temperature range and low 
humidity likely favor the transmission of COVID-19 (Liu et 
al., 2020; Ma et al., 2020; Wang et al., 2020b). Following 
the same logic, a study conducted in Japan found that 
COVID-19 prevalence decreased significantly as air 
temperature, air pressure, and UV index increased 
(Bashir   et   al.,   2020).  Thus,  it  seems   reasonable  to 
postulate that the dynamics of temperature-pressure can 
predict the number of COVID-19 confirmed cases in 
Mozambique,other Subsaharan African countries or area  
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Figure 8. Correlations between confirmed COVID-1 cases and temperature and pressure variation in Nampula Province 
from 24 May to 24 June 2020. Tmin (C) = minimum daily temperature in degree Celsius; Tmax (C) = maximum daily 
temperature in degree Celsius; r = Pearson’s correlation; CI = confidence interval. 

 
 

 
 

 

(a)      (b)  
 

Figure 9. Number of confirmed cases of COVID-19 per minimum daily temperature and atmospheric pressure in 
(a) Maputo area from 22 March to 24 June 2020 and (b) in Nampula Province from 24 May to 24 June 2020. 
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with similar settings or level of influence of weather on 
the sociopolitical dynamics. 
 
 

Conclusions 
 

This study aims to analyze how weather is related to 
COVID-19 dissemination in Mozambique. Early 
observations associated low temperatures to an 
increased number of COVID-19 confirmed cases. Data 
from Mozambique appear to support such observations. 
Maputo area and Nampula Province presented significant 
negative correlations between both variables. Being 
these two distinct areas in several ways, plus previous 
knowledge of the phenomenon elsewhere, it seems 
reasonable to admit that temperature is inversely 
proportional to the frequency of COVID-19 cases. 
Atmospheric pressure also showed a correlation with 
temperatures, but in a counterintuitive fashion. Pressure 
increased with the number of confirmed cases, 
suggesting that rainfall was a minor cause of COVID-19 
dissemination. Instead, fog might be playing a significant 
role by surfaces humid enough for SARS-CoV-2 
transmission. Moreover, there seems to be some 
combined influence of temperature and atmospheric 
pressure on the number of confirmed cases. Thus, it is 
possible to build predictive models for confirmed cases 
based on temperature and pressure. 
   It is important to bear in mind that this study does not 
reveal any causality between weather variables and 
COVID-19 propagation. Weather’s impact on the 
dissemination of COVID-19 shall be regarded as potential 
rather than actual because the transmission route and 
pattern of propagation are not yet thoroughly understood 
among the scientific community. Thus, even if the 
weather is affecting the pandemic, it is important to 
consider it as a potential predictor rather than its driving 
force. Further studies could more deeply explore the 
dynamics of causality between the variables. Decision-
makers in Mozambique can use the weather as a set of 
variables to pay attention among numerous others such 
as social and biological. 
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