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Abstract 

The Weekend Effect (WE) is a phenomenon that occurs in some urban areas, 
characterized by increased concentrations of O3 and decreased emissions of its 
precursors (NOx and VOC) during weekend days, in comparison to weekdays. The 
study of the WE is relevant for understanding the behavior of pollutants; and 
hence, for air quality control. We analyzed the hourly records of the period 2005–
2012, from 8 stations of the air quality network from the Distrito Metropolitano 
de Quito (northern Andean region of Ecuador). Both for each station and year, 3 
mean-daily profiles were obtained for CO, NO2, PM2.5 and O3, corresponding to 
weekdays, Saturdays and Sundays. The CO, NO2 and PM2.5 profiles from Centro 
(historic center of Quito) and Belisario (center-north) stations, declined on 
Sundays. However the O3 profiles were higher on Saturdays and Sundays. The O3 
8-h mean concentrations of Sundays were higher in Belisario (19.7–31.1%) and 
Centro (11.7–18.4%), in comparison to weekdays. These results indicate the 
presence of the WE around these 2 stations, which probably are located in a VOC-
limited region for photochemical O3 production.    

Keywords: Distrito Metropolitano de Quito, VOC-Limited Regime, NOx-Limited 
Regime. 

1 Introduction  

Tropospheric ozone (O3) is a secondary air pollutant produced from the 
photochemical interaction of nitrogen oxides (NOx = NO (nitric oxide) + NO2 
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(nitrogen dioxide)) and volatile organic compounds (VOC), through a complex set 
of chemical reactions under the influence of solar radiation.  
     In the background troposphere, O3 concentration is determined by the 
following reactions [1]: 

 
NO2 + solar radiation  →  NO + O                                          (1) 

O + O2  →  O3                                                        (2) 
NO + O3  →  NO2 + O2                                                 (3) 

 
     NO2 is broken by solar radiation into NO and O (Eq. (1)). The resulting 
molecule of O then combines with O2, forming O3 (Eq. (2)). In absence of VOC, 
the O3 of reaction (2) combines with NO, regenerating NO2 and O2 (Eq. (3)).  
When VOC emissions happen, they are oxidized to free radicals (RO2

*) which 
react with NO, producing NO2 (Eq. (4)) without the consumption, and as a 
consequence, promoting the accumulation of O3. 

 
RO2

* + NO  →  NO2 + RO*                                           (4) 
 
     The relationship between O3, NOx and VOC is complex. Fig. 1 shows a plot of 
O3 concentrations resulting from different initial mixtures of NOx and VOC. NOx 
emissions promote O3 formation when VOC are abundant, but restrict or even 
reduce O3 formation when VOC are scarce. In a given air parcel, the relative 
balance of VOC and NOx (expressed in terms of the VOC/NOx ratio) determines 
whether the available NOx behaves as a net O3 generator or a net O3 inhibitor [2]. 
When the VOC/NOx ratio is high (8 or higher), the amount of NOx tends to limit 
the O3 formation (NOx-Limited Regime of Fig. 1). When the VOC/NOx ratio is 
low (8 or lower), the amount of VOC tends to limit the O3 production (VOC-
Limited Regime of Fig. 1). Because of the nature of VOC and NOx emissions in 
urban zones, air parcels exposed to these emissions are initially within the VOC-
Limited Regime [4].  
     A further complication of O3 behavior arises from the transport, dispersion, 
dilution and photochemical reactions into air parcels. 
     In the frame of this complexity, the Weekend Effect (WE) is a phenomenon 
that occurs in some urban areas, characterized by increased concentrations of O3 
during weekends, although the emissions of NOx and VOC are typically lower, in 
comparison to weekdays.  
     The WE was first reported in the United States in the 1970s [5, 6] and has since 
been reported mainly in the U.S. and Europe [7–10]. The CARB studied the WE 
in California, and seven hypotheses were been set for this area [2]: 
     1st NOx reduction: the lower levels of on-road traffic during weekends promote 
the formation of O3, because the reduction of NOx emission in a VOC-Limited 
Regime (Fig. 1).     
     2nd NOx timing: during the morning, NOx emissions are delayed on weekends, 
reaching a more active photochemical system, and as consequence, producing O3 
more efficiently; in comparison to NOx emitted on weekdays. 
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Figure 1: Isopleths of 1-h maximum O3 concentrations (ppm) calculated as a 
function of initial VOC and NOx concentrations and the regions of the 
diagram that are characterized by VOC- or NOx-limitation. Adapted 
from NRC [3]. 

     3rd carryover near the ground level: more O3 is formed on weekends because 
extra emissions from increased traffic on Friday and Saturday nights participate in 
O3 production during the daylight hours that follow. 
     4th carryover aloft: the reservoir of pollutants–which can be rich in O3 and other 
pollutants–that carries over from one day to the next above the nocturnal boundary 
layer may exert a greater influence on surface O3 concentrations on weekends than 
on weekdays.  
     5th increased weekend emissions: more O3 is produced because there are more 
NOx and VOC emissions on weekends. 
     6th aerosols and ultraviolet radiation (UV): the amount of soot (elemental 
carbon) and other particles is greater on weekdays than weekends. As soot absorbs 
UV, the lower concentration of soot during weekends absorbs less UV, allowing 
more photochemical activity that increases O3 formation.  
     7th surface O3 quenching: less O3 is destroyed on weekends because the 
reduced NOx emissions. 
     The study and the assessment of the contribution of these hypothesis behind 
the WE are relevant for understanding the behavior of pollutants, and hence for air 
quality control. As a first step in this direction, we analyzed the air quality data 
from the Distrito Metropolitano de Quito (DMQ) (northern Andean region of 
Ecuador) to identify the occurrence of the WE in this region. The DMQ is located 
near the Equator (Fig. 2). It has a complex topography, with heights between 800 
and 4000 masl. 
    The air quality network from the DMQ was installed during 2003. The network 
is equipped with automatic stations to measure in real time the concentrations of 
carbon monoxide (CO), sulfur dioxide (SO2), fine particulate matter (PM2.5), NO2 
and O3. It provides official information since 2004.  
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Figure 2: Location of the Distrito Metropolitano de Quito and of the 8 automatic 
stations from its air quality network: Car (Carapungo), Cot 
(Cotocollao), Bel (Belisario), Cen (Centro Histórico), Cam (Camal), 
Gua (Guamani), Tum (valley of Tumbaco), Chi (valley of Los 
Chillos). Grey zones show the NOx emission (t/y) from on-road traffic 
during the year 2012 [11]. Dashed lines depict topography (masl). 
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     On-road traffic is a significant source of air pollutants in the DMQ. According 
to the emission inventory of the year 2007, this sector contributed with 98% of 
CO, 54% of NOx, 46% of PM2.5 and 40% of non-methane VOC [12] of the total 
emissions in this region. On-road traffic emissions are mainly located in the urban 
area of Quito, the capital of Ecuador (Fig. 2), which has an average altitude of 
2800 masl.  Traffic varies between weekdays and weekends, both in timing and 
magnitude (Figs 3 and 4). The roads with most traffic are located mainly in the 
north of the urban area of Quito and those that connect to the valleys of Los Chillos 
and Tumbaco. In the north of Quito, the traffic on weekdays is higher than 
Saturday (10%) and Sundays (60%) flows. In the south, traffic of Saturdays is 
similar to weekdays. On Sundays, the traffic intensity is reduced by 26% [13]. 
     Table 1 shows the number of days exceeding the World Health Organization 
guideline for O3 8h-mean concentration, obtained from the annual air quality 
reports of the period 2005–2012 [14]. Gua (south of Quito) and Cen (historic 
center of Quito), with 15 and 10 respectively, are the stations with the highest 
number of exceedances.  In the Cen station, half of the exceedances happened on 
weekends. 

Table 1:  Number of days exceeding the World Health Organization guideline 
for O3 8h-mean concentrations (100 µg/m3) during the period 2005– 
2012. 

Station Total exceedances Exceedances on weekends 
Car 1 0 
Cot 5 3 
Bel 5 3 
Cen 10 5 
Cam 7 3 
Gua 15 4 
Tum 2 1 
Chi 5 3 

 

3 Method 

We analyzed the hourly records of the period 2005–2012, from 8 automatic 
stations of the air quality network (Fig. 2). Both for each station and year, 3 mean-
daily profiles were obtained for CO, NO2, PM2.5 and O3, corresponding to 
weekdays, Saturdays and Sundays. In addition, the O3 8-h mean concentrations 
were obtained, to quantify the percentage of variation of Saturdays and Sundays in 
relation to weekdays. O3 8-h concentrations were obtained as the mean of the 
hourly concentrations between 09h00 to 16h00, considering that during this period 
typically the O3 concentrations are higher.  This approach is the same that Seguel 
et al. [15] followed in the study of the WE in Santiago, Chile. 
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Figure 3: Variation of the traffic flow per day in comparison to the mean daily 
traffic in the Distrito Metropolitano de Quito. Year 2012 [13]. 

 
 

      

Figure 4: Mean daily profiles of hourly traffic for weekdays and weekends in 
the Distrito Metropolitano de Quito. Year 2012 [13]. 
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4 Results 

Only the profile patterns obtained for Bel (center-north of the urban area of Quito) 
and Cen (historic center of Quito) stations are shown, because they are the relevant 
results for the purpose of this analysis. The mean daily patterns of CO, NO2 and 
PM2.5 during the year 2012 declined on Saturdays and Sundays (Figs 5 and 6). The 
patterns on Saturdays show lower concentrations in comparison to Sundays. 
However the O3 profiles were higher on Saturdays and Sunday in comparison to 
weekdays. For the previous years (2005–2011), the patterns show the same 
configuration. 
 

CO 
 

NO2 

PM2.5 

 
O3 

Figure 5: Mean daily patterns of CO, NO2, PM2.5 and O3 during the year 2012. 
Belisario station. 

    During the period 2005–2012, the percentage of variation of the O3 8–h mean 
concentrations on Saturdays in comparison to weekdays were higher in Bel (5.2–
22.7%). At the rest of the stations, including Cen, the differences were less 
than10%; or even negative as in Gua (2006, 2007, 2010, 2012), Tum (2010) and 
Cam (2010) stations (Fig. 7). 
     The percentage of variation of the O3 8–h mean concentrations on Sundays in 
comparison to weekdays was higher in Bel (19.7–31.1%) and Cen (11.7–18.4%) 
(Fig. 8). In the other 6 stations, except for in the years 2009 and 2010, this 
percentage was less than 10%. 
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Figure 6: Mean daily patterns of CO, NO2, PM2.5 and O3 during the year 2012. 
Centro station. 

 

5 Conclusions and discussion 

Results indicate the presence of the WE around the Bel and Cen stations, which 
was clearly identified for Sundays. The percentages of variation of the O3 8–h 
mean concentrations in Cen (11.7–18.4%) and Bel (19.7–31.1%) are consistent 
with the percentages (18.9–30.1%) reported by Seguel et al. [15], in the study of 
the WE in Santiago, Chile. These stations are located in consolidated urban zones, 
where on-road traffic is the most relevant source of pollutants. 
    In the Gua station, the WE was not identified. Moreover, during the weekends, 
8h-mean O3 concentrations in some years were lower in comparison to weekdays. 
This station is located in a transitional zone, with features of both non-consolidated 
urban and rural zones.   
     In the other stations, the presence of the WE was unclear or was not identified. 
In the case of the Chi and Tum stations, they are probably located in zones where 
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the ratio VOC/NOx corresponds to a NOx-Limited Regime, owing to VOC 
emission from vegetation. 
      According to the emission inventory of the year 2012, about 520 000 vehicles 
circulated in the DMQ, 94.4% of which correspond to gasoline vehicles and 5.6% 
to diesel vehicles. On-road traffic emitted 102.7 kt/y of CO, 20.9 kt/y of NOx, 
13.2 kt/y of non-methane VOC and 1.2 kt/y of PM2.5 [11].  The gasoline vehicles 
emitted 86.3% of CO and 77.0% of non-methane VOC of the total on-road traffic 
emissions. The diesel vehicles, although representing only 5.6% of the park fleet, 
emitted 82.5% of PM2.5 and 60.6% of NOx of the total on-road traffic emissions. 
     Of the diesel fleet, cargo trucks (51% of the total diesel vehicles), buses (16%) 
and vans (15%) are the most numerous. These vehicles notably reduce their 
activity during weekends. Hence, important reductions in NOx and PM2.5 
emissions happen on weekends. 
     Of the gasoline park, automobiles (74% of the total gasoline vehicles) and 
pickups (14%) are the most relevant. The lower activity of these vehicles during 
weekends mainly produces reductions of CO and non-methane VOC emissions. 
    The reduction of CO, NOx and PM2.5 emissions during weekends are reflected 
as lower concentrations of these pollutants in the daily patterns of Figs 5 and 6. 
This information suggests that the first hypothesis could explain the presence of 
the WE around the Bel and Cen stations, which probably are located in a VOC-
Limited Regime where NOx reduction during weekends promotes the formation 
of O3.  
 

 

Figure 7: Variation of the O3 8h-mean concentrations from Saturdays to 
weekdays. 
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Figure 8: Variation of the O3 8h-mean concentrations from Sundays to 
weekdays. 

    Also, the reduction of PM2.5 concentrations on weekends suggests that the sixth 
hypothesis of the WE can explain the increase of O3, because the lower 
concentration of soot and other particles absorbs less UV in comparison to 
weekdays, allowing more photochemical activity.     
     Additionally, the second (NOx timing, associated with delayed NOx emissions 
during the morning of weekends (Fig. 4)) and seventh (surface O3 quenching, 
associated with less O3 is destroyed on weekends because the reduced NOx 
emissions, Fig. 3) hypotheses could contribute to the WE in Quito.   
    The participation of the third (carryover near the ground level) and fourth 
(carryover aloft) hypotheses seems less clear or not relevant for the case of Quito. 
Finally, we can discard the fifth hypothesis (increased weekend emissions), 
because no emission sources have been identified in the urban region of Quito, 
which could permanently contribute with more NOx and VOC emissions on 
weekends in comparison to weekdays [12, 16]. 
    Because the results suggest that the consolidated urban area of Quito 
corresponds to a VOC-Limited Regime, the O3 production could be controlled by 
reducing or by controlling the presence of VOC in this area. Preliminary modeling 
exercises indicated that during midday in the urban area of Quito, wind can travel 
toward the south, transporting air masses which experiment O3 increments as 
photochemical reactions happen [17]. This behavior explains the higher number 
of O3 exceedances at the Gua station, which is located at the south of Quito. Hence, 
controlling the O3 production in the center of Quito could reduce the exceedances 
at the south of the city. 
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    Modeling can be used to quantify the contribution of the WE’s hypotheses in 
the urban area of Quito and hence for assessing the effectiveness of controlling 
VOC for O3 production. For this purpose, the emission inventory of the DMQ 
needs to be updated and improved to generate air emission maps with high spatial 
(1 km2) and temporal resolution (1 h). These maps must include the changes, both 
in magnitude and time, of the relevant emission sources of O3 precursors (NOx and 
VOC) as on-road traffic, use of solvents, vegetation, service stations, power 
facilities and industries. These emissions then can be used into a Eulerian chemical 
transport model.   
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