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ABSTRACT

Introduction: The upward movement of Carbon dioxide (CO2) mass into the 
air and downwards towards the earth's surface, especially vegetative areas, 
affected the variability of CO2 concentration in the ambient air. In this pattern, 
this study aimed to determine the net cumulative value of CO2 concentration 
(Net_CO2-Con) in an urban area to assess the adequacy of greenspace.
Materials and methods: This research method uses CO2 concentration 
observations within 24 h in 137 observation locations covering an area of 350 
km2 in Surabaya city. The sampling location was set at a height of 2 m above 
the local ground. The CO2 concentration observations were carried out in the 
dry season and the rainy season for a total of 640 air samples. 
Results: The results of this study obtained Net_CO2-Con values for ambient 
CO2 concentrations in a daily pattern. Starting at night there was a flow of 
CO2 flux into the air, which reached its peak in the morning, in about 90% of 
the city area. This event was evidence of a lack of CO2 absorption due to the 
lack of extensive vegetative areas. On a bright day the CO2 flux flows towards 
the land, which indicated the presence of vegetation absorption in addition 
to soil absorption. The seasonal time variability of CO2 flux density had the 
same pattern for the daily time variability.
Conclusion: Mapping for CO2 flux could be an approach to determine the 
adequacy of greenspace. Areas of upward movement of CO2 flux density 
were priority areas for greenspace intensification.

Please cite this article as: Mangkoedihardjo S, Santoso IB. Time variability of cumulative carbon dioxide concentration for adequacy 
assessment of greenspace: A case study in Surabaya, Indonesia Journal of Air Pollution and Health.2022;7(2): 143-156.

C O R R E S P O N D I N G  A U T H O R :

prosarwoko@gmail.com 
Tel: (+61) 5948886
Fax: (+61) 5928387

Sarwoko Mangkoedihardjo*, Irwan Bagyo Santoso

Department of Environmental Engineering, Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia
 

A R T I C L E  I N F O R M A T I O N

Article Chronology:
Received 03 March 2022
Revised 09 May 2022
Accepted 17 May 2022
Published 29 June 2022

Keywords: 
Carbon dioxide (CO2); Ambient air; 
Concentration mapping; Time variability; 
Greenspaces 

Available online at http://japh.tums.ac.ir

Time variability of cumulative carbon dioxide concentration for adequacy 
assessment of greenspace: A case study in Surabaya, Indonesia

Copyright © 2022 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/
by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.

Introduction 

The growth and development of human life and 
its activities are one of the factors that increase 
the concentration of Carbon dioxide (CO2) in 
the air apart from the environment [1–3]. The 
increase in CO2 does not continuously accumulate 
in concentration, but can be controlled through 
the mechanism of the vegetation process [4, 5]. 

Thus, there is a relationship between humans and 
vegetation, especially humans and their activities 
produce CO2 and vegetation uses this gas for 
growth. The results show that when there is 
sunlight, the CO2 flux density moves downwards, 
indicating the mass of CO2 transferred from the 
ambient air to the vegetation area. When there is 
no sunlight, the CO2 flux density moves upward, 
indicating the mass transfer of CO2 from the 
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land's surface to the surrounding air. In the daily 
time variability of CO2, the flux to the air is 
controlled by the flux into the vegetation system. 
The relationship between CO2 flux and the 
vegetation fraction of a number of major cities in 
the world has been described by previous studies 
[6–10]. The researchers found that cities with a 
high vegetation fraction will have minimal CO2 
flux density from land to ambient air. 

However, the aforementioned research results 
still require deepening of knowledge, especially 
in relation to the parameter that represents the 
cumulative CO2 emission-absorption process 
on a time scale. This parameter is the net 
cumulative CO2 concentration, as a result of 
the flux equilibrium between air and land at 
any given time. The time scale that is important 
for knowing CO2 flux is daily, according to the 
time variability of the respiration-photosynthesis 
process. Likewise, the seasonal time scale is 
important to know the effect of environmental 
conditions on different seasons, for the tropics, 
especially the location of this research is the dry 
and rainy seasons.

Therefore, this study aimed to obtain the net 
cumulative value of CO2 concentration (Net_
CO2-Con) in ambient air in the time variability 
of day-night and dry-rainy seasons. Furthermore, 
these results are mapped on a city scale, which 
can be used to determine priority for greenspace 
adequacy in an area. The results of this study have 
added benefits to the assessment method and 
intensification of the adequacy of greenspaces in 
general.

Materials and methods

Materials

Observation materials include: 1) High resolution 
image map, minimum resolution of 1 m for the 

shooting time before and after the observation 
time. 2) Topographic maps were obtained from 
the Surabaya City Government. 3) Wind data 
regarding direction and speed, and humidity 
of the air from the Juanda and Perak Surabaya 
meteorological stations. 4) The Lutron brand 
of CO2 concentration measuring instrument 
(InfraRed Detector) is connected to a USB RS232 
cable with a data logger. 5) Data logger for Toshiba 
notebook PCs. 6) Lutron brand air temperature 
measuring instrument, which is an integral part 
of measuring CO2 concentration. 7) Lutron brand 
solar radiation measuring instrument. 8) Global 
Positioning Systems - Hand hell of the Garmin 
76Csx series. 9) PCI Geomatica Ver 9.0 for 
image data processing such as orthorectification 
and land cover classification.

The CO2 measuring instrument with an infrared 
detector is calibrated prior to its use for field 
measurements. Measurement of the average 
CO2 for an interval of 1 min is obtained from 
the average results of 10 measurements, each of 
which takes 6 s. Calibration is carried out at night 
in one location for 20 d. Performed at midnight 
because at midnight the air is stable [11, 12] 
and minimal meteorological disturbances. The 
location of the calibration is in the yard of the 
house in dense settlements with shrubs and no 
shrubs. Equipment calibration data is processed 
into analytical quality control curves, which have 
a precision characteristic of a standard deviation 
of 3.1 ppm and an accuracy range of 6 ppm.

Number of sample locations 

The city of Surabaya is designated as a research 
study area with the following considerations: 
1) The physical characteristics of the city of 
Surabaya are vary, covering hills (west Surabaya 
area), coast (east Surabaya region) and plains 
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(central Surabaya region); 2) The city of 
Surabaya has a various source of CO2 activities, 
such as transportation, industry, trade, education, 
settlements, and polluted rivers.

Sampling locations were determined based 
on probability sampling. All samples or units 
of observation in their area have the same 
opportunity to be sampled. Therefore, location 
determination can use simple random sampling. 
The city of Surabaya has an area of about 350 km2 
and 1 unit of observation area of about 2.0-2.5 
km2 [11], therefore 137 observation location were 
needed. With a number of observation location, 

Fig. 1. Observation location in the city of Surabaya

the placement is distributed with the following 
variability considerations: 1) Topographic and 
land use characteristics. Land use variability 
includes vegetative and non-vegetative areas, 
residential areas, commercial areas, industrial 
areas, transportation areas, and water body areas. 
2) Meteorological characteristics relate to wind 
direction and speed, cumulative density of solar 
radiation, average air temperature. Vector analysis 
was used to determine wind direction and speed 
at the sampling site [13] based on data available 
at meteorological stations. The distribution of all 
locations of observation is shown in Fig. 1.
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At each observation location, air samples were 
taken with an altitude of 1.5-2 m from the local 
land surface [12, 14, 15], because the majority 
of human activity was at that height. In addition, 
at a height of 2 m it has a minimum roughness 
layer, a minimum meteorological effect, and a 
dominant CO2 absorption and emission. 

Observation time

For this research to continue without 
interruption, but still be able to cover 2 different 
seasons, the observation time was arranged as 
follows. In the seasonal time variability scale, 
the research was carried out in the rainy season 
(January-February) and the dry season (April-
May). Observation time is taken 1 time per 
week on the busiest day of population activity 
(for the city of Surabaya, it is Tuesday). 

On a daily variability scale, measurements were 
made with an interval of 6 h at night (22:00 
pm), morning (04:00 am), noon (10:00 am), 
and afternoon (16:00 pm) western Indonesian 
time. The measurement time was scanning for 
6 seconds and repeated 10 times, for a total of 
1 min. Thus, the CO2 concentration at that time 
was the average of the result of the scanning 
loop. Then, the CO2 concentration data was 
interpolated to obtain CO2 series data per 
minute within 24 h.

With the organization of the observation time, 
this study collected and analysed a total of 640 
air samples.

Software

Analysis of observation results specifically 
uses licensed software, PCI Geomatica Ver 
9.0, which was used to process satellite 
image data. Next, geometric correction of 3D 

orthorectification was carried out and produced 
a referenced image of position and elevation. 
This was followed by a delineation of land 
use or cover in each unit of analysis (or, unit 
of observation area). The CO2 concentration 
measurement data for each unit of observation 
area becomes the basis for making CO2 
isoconcentrations for the entire city area.

For statistical Analysis of Variance (ANOVA) 
SPSS version 24 was used, which was free 
to download. The results of inter-seasonal 
and daily observations showed significant 
differences in environmental independent 
variables.

Results and discussion

Environmental conditions

During the observation time, quantitative 
data were obtained about the environmental 
conditions of the city of Surabaya which 
supported this research in the dry and rainy 
seasons (Table 1). More specifically, in the 
dry season the wind direction moves from 
northwest to southeast. Meanwhile, during the 
rainy season the wind moves from the northeast 
to the west and southwest. In addition, along 
the north-east borders the sea, which has the 
potential to contribute CO2 [16–18] to the land 
area of the city.  

Daily carbon dioxide concentrations in the 
dry season

The net cumulative CO2 concentration (Net_CO2-
Con) at night, morning, noon and afternoon in the 
dry season are presented in Fig. 2a-d. The red colour 
shows the CO2 flux into the air and the green colour 
flows to the land including vegetation. The thicker 
the colours, the greater the density of CO2 flux.
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Table 1. Supporting data on environmental conditions

Fig. 2. Daily time variability of the net cumulative CO2 concentration in the dry season in the city of Surabaya

(a)

No Variable and parameter Unit Minimum Average Maximum 

1 Meteorology:     

 Cumulative solar energy 10uWatt/cm2 15,840 91,634 453,000 

 Temperature oC 28.8 30.5 35.4 

 Wind velocity m/s 0.42 1.86 4.60 

 Wind direction o 23 180 308 

2 Land elevation m MSL 2.93 - 29.1 

3 Land use:     

 Non-vegetative land % - 74.5 - 

 Vegetative land % - 23.2 - 

 Water bodies and swamps % - 2.3 - 
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(b)

(c)
Fig. 2. Daily time variability of the net cumulative CO2 concentration in the dry season in the city of Surabaya
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Fig. 2. Daily time variability of the net cumulative CO2 concentration in the dry season in the city of Surabaya

The facts have shown that starting at night 
there is a flow of CO2 fluxes into the air, 
which peaks in the morning, in about 90% 
of the city area. This event is evidence of 
the absence of CO2 absorption by vegetation, 
and even vegetation respiration increases the 
CO2 concentration in the air. Furthermore, 
in the afternoon to afternoon, the CO2 flux 
flows clearly towards the land, in this case 
the absorption of vegetation to carry out the 
photosynthesis process with additional CO2 
absorption in the soil system. Meanwhile, 
the difference in CO2 flux density (colour 
thickness) may be due to dynamic factors such 
as transportation and commercial activities in 
the city of Surabaya.

Daily carbon dioxide concentrations in the 
rainy season

The net cumulative CO2 concentration (Net_
CO2-Con) at night, morning, noon and afternoon 
in the rainy season are presented in Fig. 3a-d. 
The red colour shows the CO2 flux into the air 
and the green colour flows to the land including 
vegetation. The thicker the colours, the greater 
the density of CO2 flux.

The facts show that for 24 h, the flow of CO2 
flux into the air (red colour) is approximately 
the same as the flow of CO2 flux to the 
land (green colour). There is no significant 
difference around the city that experiences 

(d)
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Fig. 3. Daily time variability of the net cumulative CO2 concentration in the rainy season in the city of Surabaya

(a)

(b)
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Fig. 3. Daily time variability of the net cumulative CO2 concentration in the rainy season in the city of Surabaya

(c)

(d)
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the flow of CO2 flux. This incident may occur 
due to two things. The first is due to the cloud 
cover of sunlight, thereby reducing the chance 
of the photosynthesis process by vegetation. 
The second is probably due to the transport of 
oceanic CO2 [16–18] to the land following the 
wind direction.

Along the north-east coast of the city, at night, 
the flow of CO2 fluxes is into the air. In the 
morning, these places show the flow of CO2 
flux towards the land. And, even continuing 
from noon to afternoon there was an increase in 
the density of the CO2 flux into the air. For the 

rest of the area, the CO2 flux appears consistent 
with dry season conditions (Fig. 2) but at a 
lower density.

Seasonal carbon dioxide concentrations 

Seasonally observed CO2 concentrations have 
obtained the average value and the CO2 flux 
density can be mapped in Fig. 4a and b. The facts 
obtained are that the average CO2 concentration 
in different seasons is not different, which is 
around 433-435 ppm. The mean concentration 
is close to the normal ambient air CO2 quality 
[19–21].

Fig. 4. Seasonal time variability of the average CO2 concentration in the city of Surabaya

(a)
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Seasonally, it appears that the area of CO2 flux 
to land in the dry season is wider than in the 
rainy season. On the other hand, the area of 
CO2 flux into the air during the rainy season 
is wider than the dry season. Seasonal time 
variability has the same pattern for daily time 
variability. This reinforces the reasons for the 
incident due to two things. It is due to the cloud 
cover of sunlight, thereby reducing the chance 
of the photosynthesis process by vegetation, 
and the transport of oceanic CO2 [16–18] to the 
land following the wind direction.

Assessment of greenspace adequacy

By obtaining the average CO2 concentration in 
ambient air throughout the year that is close 

Fig. 4. Seasonal time variability of the average CO2 concentration in the city of Surabaya

to the normal ambient air quality (Fig. 4), it 
does not mean that the current presence of 
greenspace is sufficient. In accordance with 
the function of greenspace based on the results 
of this study is to downward flow CO2 flux to 
the land, therefore, the adequacy of greenspace 
needs to be assessed based on the distribution 
of CO2 flux areas.

The upward flow of CO2 flux into the air from 
night to morning is a normal natural occurrence, 
as all living things emit CO2. Therefore, the 
distribution of the area characterized by the 
flux flow from night to morning (Fig. 2) is not 
a determining factor for the intensification of 
greenspace. This applies to all times, both daily 
and seasonal time variability. 

The essential function of green open space is 

(b)
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to form conditions, which can flow CO2 flux 
to the land’s surface. It is because vegetation 
absorbs CO2 to carry out the photosynthesis 
process. To fulfil this essential function, it is 
necessary to consider the distribution of areas, 
where the upward flow of CO2 flux to the air 
requires intensification of greenspace. 

For the city of Surabaya, the distribution of 
areas requiring intensification of greenspace is 
the afternoon-afternoon period during the rainy 
season (Fig. 3) and is strengthened by seasonal 
CO2 flux conditions (Fig. 4). The intensification 
of greenspace covers at least the entire suburb 
of the city. The area of intensification of 
greenspace is in line with the approach to the 
distribution of greenspace based on the studies 
of previous researchers [22–25]. 

This intensification of greenspace can be 
implemented through expanding the existing 
area and/or using plant species that are 
capable of absorbing a lot of CO2, as well as 
by applying biodiversity for efficient and 
effective results [26, 27]. Another advantage 
of the intensification of green open spaces 
around the city is to capture the flow of CO2 
fluxes from outside the area. Particularly, the 
application of greenspace along the north-east 
city boundary is to absorb CO2 originating from 
ocean emissions.

Conclusion

Observation of CO2 concentration by daily and 
seasonal time variability can produce a net 
cumulative CO2 concentration (Net_CO2-Con). 
This result can explain the flow of CO2 flux to 
the air and to the land. Mapping CO2 flux can 
be the basis for an approach to determine the 
intensification of the adequacy of greenspace. 

The basis for this approach facilitates the 
intensification of the distribution of greenspace 
areas within a city area.
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