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MOTIVATION AND STUDY AREA
▪ Air pollutants derived from urban emissions have become a big concern to human health, environmental sustainability and global
climate [1]

Fig. 1. Air Quality
Management process [3]

▪ During the last decades medium-sized Latin American cities have been characterized by its fast growth and urbanization [2],
enhancing emissions of air pollutants to the atmosphere.
▪ Majority of these cities have deficiencies integrating tools such as emissions inventory (EI), air pollution monitoring and
numerical modeling, which are recognized as principal bases of Air Quality Management Plans (AQMP) (Fig. 1).

Manizales city and air pollution sources
➢ located on the western slopes of the central Cordillera of the Andes
➢ A densely populated medium-sized city (~7416 inhabitants/km2 in urban area)
➢ Local climate characterized by low wind speed (average wind speed < 2 m/s)
➢ Previous EI estimated in Manizales (base year 2014) revealed that on-road vehicular
sources dominated the anthropogenic emissions (higher than 90% contribution to
majority of pollutant fluxes evaluated – criteria and GHG) [4].

Fig. 2. General characteristics of
Manizales, Colombia

Main objective of the study: To update (base year 2017) and disaggregate in space and time the EI. Then, to use the emissions as input fluxes in
the eulerian chemical transport model WRF-Chem for studying O3 and CO formation and transport. Results were compared with hourly
surface observations obtained in the air quality monitoring system of the city.

STUDY DEVELOPMENT
EMISSIONS INVENTORY

AIR QUALITY MODELING

Fig. 3. Pollutants, sources and approaches in the estimation of EI in Manizales, Colombia
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Fig. 6. CO emissions in
wrfchemi file (ncview
visualization)
Spatial
distribution

Emissions were scaled on WRF
curvilinear coordinates using
AAS4WRF preprocessor [9]

Temporal profile

WRF-Chem setup:
Results for total annual fluxes:
Source
Stationary (point-source)
Stationary (area-source)
On-road vehicular (exhaust
and evaporative)
On-road vehicular (RPM)
Total

CO
479.7

Table 1. Summary of EI-2017 annual fluxes
NOx
155.1

28243.4 4668.3
28723.0

Fig. 5. Spatial distribution (1km x 1km) of
CO local emissions (vehicular)

4823.5

On-road vehicular activity released more
than 90% of majority of air pollutants
estimated in the EI-2017.

Emission (ton/year)
SOx
PM10 NMVOC
CO2
57.8
5.9
116255
214.1
204.0

CH4
1.9

N2O
1.8

28.7

631.6 5006.7 511947 1659.5 18.0

242.7

49.3
738.6

5216.6

628202

1661.4

CO and O3
concentrations are
measured at
downtown of the city
(GOB station)

19.7

Only stationary point-source emissions of SOx were
higher than that obtained from on-road vehicular
sources (88% of the total). Attributed to the use of
coal and diesel

Fig. 7. Domain configuration (left) and Manizales AQMN (right)
Table 2. Summary of WRF-Chem configuration
Parameter
Simulation period
Domain
configuration

NOx and PM10
emissions were
dominates by diesel
fueled vehicles (Bus and
Truck), in spite of its
low percentage in the
fleet (< 2%)

Emissions of CO, SOx, NMVOC, CH4 and N2O were dominated by
gasoline fueled vehicles: passenger cars (PC) and motorcycles (2w)

AIR QUALITY MONITORING
NETWORK

Vertical levels
Static data
Meteorology
Chemistry IC-BC
Chemistry
mechanism

Model configuration
One month in 2018: June 3, to July 1
(24 h spin-up)
D1: 27 km resolution (85x85)
D2: 9 km resolution (97x94)
D3: 3 km resolution (133x118)
D4: 1 km resolution (115x100)
35
Topography: USGS
Land use: MODIS
FNL analysis (0.5°; 6 h interval)
MOZART-4 global model

Modeling results and comparison with observations
2 m temperature (diurnal variation):

Fig. 6. T2 temporal
profiles observed (obs)
and simulated (sim) [7]

CBMZ

Tropospheric ozone (O3):
Fig. 4. Emissions contribution by
vehicular type in Manizales [7]

Fig. 7. O3 temporal profiles (left) and x-y dispersion plot (right) comparing
observations (obs) and simulation (sim) [7]

Variable
T2 (°C)
CO (ppm)
O3 (ppb)

DISCUSSION AND CONCLUSIONS

➢ The updated anthropogenic EI of Manizales, Colombia, were dominated by vehicular activity, with more than 90% of total
emissions for the majority of air pollutants estimated.
➢ WRF-Chem simulation in Manizales using local emission fluxes, allowed to represent the general behavior of pollutant
profiles. However, there was an underestimation of the tracer pollutant CO. Hence, is there a possible underestimation in the EI?
➢ Air quality simulation suggest that southwest region of the city could be exposed to the higher levels of pollution during rush
hours.
➢ This study provided bases for evaluating the accuracy of the emissions inventory, and allowed to study the impact of
emissions sources in air quality of medium-sized Manizales. Furthermore, methodology proposed in the study could be
reproduced in other medium-sized cities of the region.

Table 3. Performance statistics obtained in
Manizales (mean values)
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The model represents well the observed diurnal
profiles, tending to underestimate T2 and CO;
and overestimate O3

Carbon monoxide (CO):
Fig. 8. CO temporal profiles for total
month (down) and hourly mean
concentrations (up-right) [7]
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measured pollutants
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Fig. 9. Mean CO concentration simulated at 19:00 hours (local time) [7]

