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ABSTRACT 

 

The scientific basis used is that the activities of human life require energy of 28 MJ / person / day and produce 

carbon dioxide of 2,600 g / person / day. Absorption of carbon dioxide by plants is taken at 3 g / m2 / day. The 

assumption of the dimensions of the biosphere ecosystem as an active absorber of carbon dioxide is the thickness 

of the aquatic, soil and leaf canopy, respectively 0.1 m and the thickness of the air layer 3 m. The results obtained 
are that each population requires a plant area of 25 m2 or in the range of 20-30 m2. Plant area in places near the 

waters is wider than in places far from the waters. Rows of plants with longitudinal directions (north-south 

trajectory) are more advantageous than transverse directions (east-west trajectory). So plant area and plant area 

distribution are not evenly distributed in urban areas. Through the greening of the city the implications for the 

aspects of urban development, both superstructure and infrastructure, were also presented. Thus this paper is at 

the same time a contribution to the development of environmental science and technology in supporting life 

activities on an ongoing basis. 
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1. INTRODUCTION 

 

Global warming is mainly due to the accumulation of carbon dioxide in the air from various sources of life 

activities. Carbon dioxide accumulation can be suppressed by natural biological methods, which is greening. The 

legality of urban greening refers to the two existing regulations in Indonesia. Instruction of the Minister of Home 

Affairs [1] stipulates that green open space in urban areas is 40% of the city area. Law 41/1999 [2] stipulates that 
the forest area is at least 30% of the watershed and or island area with a proportional distribution. The basis for 

determining plant area is unknown, besides the distribution is not explained, so that it can complicate the 

application in the field. This paper discusses the approach of (1) determination of plant area and (2) distribution 

of plant area within the framework of preserving the quality of the global environment. 

 

2. Green open space area formulation 

Human life activities require minimum energy of 28 MJ / person / day. Human energy is obtained from food 

sources (for life) and fuel (for activities) as much as 40% and 60%, respectively. Food and fuel can be expressed 

as carbohydrates. One carbohydrate molecule produces energy of 2.8 MJ. So human energy needs are equivalent 

to carbohydrate requirements of 10 molecules / person / day [3]. 

All carbon dioxide output is wasted in the environment. Carbon dioxide is partially absorbed by water in 
ponds, reservoirs, waterways, rivers and the sea. The ability of water to absorb carbon dioxide in addition to 

depending on climatological aspects is also the quality of water that needs attention in relation to human activities. 

The higher the level of water pollution by organic substances, the more water is saturated with carbon dioxide so 

that the water's ability to absorb carbon dioxide becomes small. This means that the ability of waters to absorb 

carbon dioxide is a full influence factor so it is difficult to calculate accurately. 

Some of the carbon dioxide emissions will be absorbed by the soil. As with water, the ability of the soil to 

absorb carbon dioxide is a full influence factor. The land must not be covered with cement, asphalt, buildings and 

not polluted. In addition, physical, chemical and life characteristics in the soil are complex. Under these conditions 

it is difficult to make accurate calculations of the ability of the soil to absorb carbon dioxide. 

The air is the most flexible reservoir of carbon dioxide. In addition to the volume of air is much greater than 

water and soil, the air can move carbon dioxide in various directions horizontally and vertically. Climate and 
weather factors make it difficult to calculate the ability of air to absorb carbon dioxide.    

The difficulty of predicting the ability of the environment for absorption of substances is simplified by the 

world ecosystem model [4-6]. The world ecosystem is reduced and made compartmentally for a certain area. The 

physical compartment of the ecosystem consists of air compartments, water compartments and soil compartments. 

In each of these physical compartments living compartments can be added with a variety of proportions. Based 

on the idea of a world ecosystem model, the following approaches can be made for certain areas of the city 

ecosystem: 
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 Air compartments taken as high as 3 m. An altitude of 3 m is taken assuming that the layer of air that absorbs 

active carbon dioxide is 2 x the height of the average human nose (1.5 m). 

 Water compartments taken as deep as 0.1 m. 0.1 m water depth is taken based on the greatest possible zone 

of reaeration of air into the water for active absorption of carbon dioxide. 

 Land compartments taken as deep as 0.1 m. A soil depth of 0.1 m is taken based on the greatest possibility of 

water unsaturation zones for active absorption of carbon dioxide. 
Thus the proportion of compartment volume in the volume of urban ecosystems for carbon dioxide 

absorption shows: 

Air Vol + Water Vol + Land Vol = ecosystem Vol 

(3 x A) air + (0.1 x A) waters + (0.1 x A) land = (3.2 x A) ecosystem 

In a certain ecosystem area, then A is the same for each compartment, then the proportion of the volume of 

the air, water and soil compartments for carbon dioxide absorption: 

Vol air = 94% Vol ecosystem 

Vol waters = 3% Vol ecosystems 

Soil Vol = 3% Vol ecosystem 

The volumetric proportion of carbon dioxide uptake shows that air is the largest exhaust media for carbon 

dioxide. If all carbon dioxide is discharged into the air then the negative impact caused is the greenhouse effect, 

which is an increase in the surface temperature of the earth. 
To reduce the increase in the surface temperature of the earth from carbon dioxide, this study was conducted 

biologically. Among the components of biological creatures that need carbon dioxide are chlorophyll biota. In the 

study of green open space, plants become the mainstay for carrying out photosynthesis conversion. Thus, plants 

are placed as compartments of urban ecosystems. Plants as carbon dioxide absorbent compartments are calculated 

for leaf canopy. The approach to a specific area of the city's ecosystem is now: 

 Air compartments as high as 3 m. 

 Ground compartment 0.1 m deep. 

 Water compartments as deep as 0.1 m. 

 Plant compartments taken 0.1 m thick canopy. The thickness of the leaf canopy was taken as the closest 

average estimate for various plant species. 

Thus the proportion of compartment volume in the volume of urban ecosystems for carbon dioxide 
absorption shows: 

Air Vol + Water Vol + Land Vol + Plant Vol = Ecosystem Vol 

(3 x A) air + (0.1 x A) waters + (0.1 x A) soil + (0.1 x A) vegetation = (3.3 x A) ecosystem 

In a certain ecosystem area, then A is the same for each compartment, then the proportion of the volume of 

the air, water, soil and plant compartments for carbon dioxide absorption: 

Vol air = 91% Vol ecosystem 

Vol waters = 3% Vol ecosystems 

Soil Vol = 3% Vol ecosystem 

Plant Vol = 3% Vol ecosystem 

 

Comparison of the proportion of air volume decreases to the same extent for the volume of plants (3%). That 
is, assuming the average thickness of the canopy is appropriate. Besides that, the amount of 3% of air volume 

absorbing carbon dioxide is taken over by plants. This is realistic in a biological effort to reduce the surface 

temperature of the earth due to the accumulation of carbon dioxide in the air. 

The ability of plants to absorb carbon dioxide is certain. It is generally identified that plants are able to absorb 

carbon dioxide by a maximum of 6 g / m2 / day in ideal conditions. Under conditions of environmental uncertainty, 

an average ability of plants is 3 g / m2 / day. Volume of plants absorb carbon dioxide by 3%. The result of carbon 

dioxide in human life is 2,600 g / person / day. Thus each resident needs a plant area (leaf canopy area) of: 1 

person = 3% x 2,600 g / person / day: 3 g / m2 / day equals 25 m2 plant area. 

 

3. Correction of plant area 

The maintenance of urban plants by pressing the leaves becomes mandatory with the following objectives. 

The first goal is to maximize the absorption of carbon dioxide. Ecologically, the ability of plant functions to be 
maximized when falling solar energy can be absorbed efficiently. For each type of plant a high efficiency of solar 

energy will be obtained for the conditions of the rough canopy, leaf layers and leaf trimming at the bottom. Crude 

headlines allow sunlight to be captured by many leaves. Layered leaves allow the catch to be absorbed maximally. 

The lower leaves lack solar energy so that the carbohydrates that are formed will be overhauled into carbon 

dioxide. To prevent loss of carbohydrates, the correct pressing pattern is from the bottom. Pressing of the lower 

leaves should not be carried out simultaneously for a group / series of plants. Pressing alternately should be made 

alternately in a set / series of plants. For plants that have been squeezed clearly will grow faster than those that 

have not been pressed, because the reshuffle of carbohydrate plants are not as much as plants that have not been 
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pressed. The difference in growth will make the canopy / series of plants become coarse and produce a 

configuration of layers in layers.  

The second goal concerns the practice that has been done so far [7,8]. The topping of the leaves is done to 

prevent the disruption of city utilities, fears of vegetation collapse during the rainy season, consideration of other 

disturbances such as fire. In that framework, the pressing of the upper part of the plant should be done. Even so 
the pressing of the upper leaves is still recommended to use a pattern of alternating or selective and alternating 

time so that it is not completely contrary to the first goal. Whatever is done with the upper leaf stripping is a 

consequence of reducing the ability of plants to absorb carbon dioxide. 

In the condition of pressing the lower leaf is the same as pressing the top leaf, then the need for plant area is 

not needed correction factor. But taking into account practical practices (not requiring equilibrium measurement 

of upper and lower leaf pressing) the plant area needs a correction factor. So far there is no scientific basis to 

support the determination of the aforementioned correction factors, except practical considerations of maintenance 

in the field. For example, the City Parks Department is only able to maintain 20% of the plant area, so for the 

pressing of the upper leaves, a correction factor of 1.2 is required and for the correction of the lower leaves, a 

correction factor of 0.8 is required; both of which are in equation 6). To simplify the problem of determining plant 

area, the following formula is taken: 1 soul equals (20-30) m2 plant area. 

 

4. Distribution of plants 

The distribution of plants can be approximated by the photosynthetic conversion formula (equation 4). 

Absorption of carbon dioxide by plants requires water to produce carbohydrates (expressed as plant growth) and 

oxygen. To maintain plants continuously, the distribution of plants should be more in the available waters. Thus 

the distribution of plants does not need to be evenly distributed within the city. 

In line with this, it is known ecologically that the absorption of carbon dioxide to produce carbohydrates 

depends on solar energy. The intensity parameter (which shows the amount of energy received per unit area per 

unit time) will determine the best path for plants for the same unit area. In the morning, afternoon and evening, a 

series of plants in the longitudinal direction (north-south trajectory) will be more beneficial than transverse 

direction (east-west trajectory). Longitudinal direction allows each plant to be treated the same sunshine 

throughout the day. 
Related to the intensity of sunlight for plant growth is topography. The intensity of sunlight is higher in the 

mountains (around 1.75 g cal / cm2 / min) compared to the lowlands (around 1.50 g cal / cm2 / min). In the 

framework of ongoing maintenance of plants, the distribution of plants should be more at high places in an urban 

ecosystem. 

 

5. Green open space 

Examples of concrete applications for the city of Surabaya will be explored below. The city has 3 waterways, 

namely S. Surabaya, K. Wonokromo and K. Mas. The river channel divides the city into 3 zones, namely west, 

east and south. The west and east zones relate to the sea and the south zones relate only to land. The city 

topography shows the west zone and the south zone are higher than the east zone. 

The spread of green open space should be more in the west zone and east zone than the south zone. 

Specifically, mangrove forests must be maintained in the north coast region in the west zone and the east coast 
area in the east zone. The distribution of green open space is more propagated in the west zone in the west and in 

the south zone more in the south (both at the highest topography of each zone). Longitudinal directed plant trails. 

Thus the green open space is spread unevenly and a rough canopy profile will appear. 

The area of green open space is determined based on the population of the city of Surabaya. If the city 

currently has a population of 3 million and an increase of 1 million / 30 years, 60-90 km2 of green open space is 

needed at this time and an additional 20-30 km2 every 30 years. The city of Surabaya has an area of 340 km2 and 

currently requires an area of green open space of at least 20% of the city area and an increase of up to 40% of the 

area of the city until the age of 1 coming generation of residents. 

 

6. Conclusions on green open space layout and its implications  

Overview of green open space in an area can be approached by the reaction of carbohydrate respiration and 
photosynthesis of carbon dioxide in a hypothetical ecosystem model. The different assumptions used in the 

ecosystem model will result in differences in the needs of the wide green open space, but do not affect the 

following characteristics: 

(1) Respiration and photosynthesis reactions make the relationship between population and plant area. The 

population of each region is not the same and so is the area of green open space. 

This conclusion has implications for the spatial planning of a population area (urban and rural). As long as 

the area is fixed and the population increases, the provision of green open space must increase. The increase in 

the area of green open space is practically impossible to the extent of the area (100%). This requires a study of 

the new ecosystem structure of a region, which establishes the proportion of the area's land use. Whatever will be 
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produced in the new ecosystem order, the direct implication of the dynamics of green open space is that the 

superstructure development policy (housing and buildings) needs to be directed vertically. The environmental 

advantage of this policy is the improvement of air quality through air turbulence mechanisms. 

(2) Photosynthesis reactions direct the spread of plant area based on water availability, topography. The 

distribution of plant area is uneven in each region. 

This conclusion has implications for the direction of spatial planning of population activities. Housing and 

building developments need to be directed at flat topographic areas and far from watersheds. The environmental 
advantage of this policy is the improvement of water quality through spatial mechanisms (away from pollutant 

sources).   
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