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Photogrammetry with Remotely Piloted Aircraf System for the Determination of Aerial Biomass in Urban Parks
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The exponential growth of the population is generating the deterioration of ecosystems due to its need to improve the quality of life, so the application of non-invasive methods for the management of natural resources such as trees in urban parks is sought. Therefore, in the present research, photogrammetry with Remotely Piloted Aircraf System (RPAs) was applied for the determination of aerial biomass in the parks of the district of Los Olivos in Lima, Peru. The study was conducted in five parks, which were previously georeferenced by a GPS to capture images with the Phantom 4 Pro drone. The images were processed with Agisoft software to calculate the aerial biomass and carbon sequestration of the trees. The results were given in tons of aerial biomass per hectare (t/ha) and tons of carbon sequestration per hectare (tC/ha); thus, Raimondi Park obtained 1,217 t/ha and 0. 572 tC/ha, Solidaridad Park obtained 1,848 t/ha and 0.868 tC/ha, Cristo Rey Park obtained 9,443 t/ha and 4,438 tC/ha, Juan Pablo II Park obtained 3,694 t/ha and 1,736 and Santa Rosa Park obtained 4,260 t/ha and 2,002 tC/ha. Based on the results, it is concluded that photogrammetry with RPAs is a favorable and efficient methodology that allows determining the aerial biomass and calculating carbon sequestration, helping to preserve green areas according to the number of inhabitants per urban area. 
1. Introduction
In recent years, there has been an exponential growth in population generating the deterioration of ecosystems due to their need to improve the quality of life (He et al., 2021), causing an increase in environmental problems such as the greenhouse effect, noise pollution and temperature variation, among others (Zhao and Hu, 2017). The World Health Organization (WHO) recommends that for every inhabitant there should be between 9 and 11 square meters of green areas (Pauchard and Barbosa, 2013); however, in Latin America, not all countries comply with this recommendation, thus depriving the population of having environmental services.
The carbon footprint can be measured in multiple ways, one of the most accurate is by means of forest aboveground biomass (AGB) (Muukkonen and Heiskanen, 2007; Baccini et al., 2017). Aboveground biomass can be calculated by the direct method or the indirect method (Meza, 2015). The direct method consists of felling and selecting trees at different diameters, while the indirect method considers variables that can be measured more easily by leaf drying, diameter measurements, tree height, allometric equations, remote sensing and photogrammetry. The latter uses LIDAR (laser image detection and ranging) and UAV (unmanned aerial vehicles) images (Roik et al., 2020; Heinrich et al., 2021; Su et al., 2020).
Quirós (2014) mentions that photogrammetry is the science that uses photographs that allow measurements to be taken in order to provide precision, dimension and position of an object in space, as well as to generate plans and maps. To achieve better results, photogrammetry has implemented RPAs (Remotely Piloted Aircraft System) that provide detailed information through remotely managed controls, obtaining better panoramas of inaccessible and vulnerable areas (Sánchez et al., 2016; Jimenez and Mulero, 2019). In addition, this methodology reduces the environmental impacts caused by conventional methods used to calculate aerial biomass (Petris, Sarvia and Borgogno, 2020; Marcos et al., 2016).
[bookmark: _Hlk98946728]The determination of tree aboveground biomass is a preliminary step to perform the calculation of carbon sequestration (carbon sequestration capacity of trees) because trees are a large carbon reservoir in cities and have an air-purifying function, improving the climate and ecological environment (Zhao and Hu, 2017). Aboveground biomass (AGB) is the amount of organic matter located above the ground that includes leaves, branches, trunk and bark (FAO, 2010). There are studies estimating aboveground biomass using UAV images to compare their results with other methods and equipment in the field that were competitive in reaffirming their accuracy and effectiveness (Bendig et al., 2014). 
Therefore, this research determined the aerial biomass and estimated carbon sequestration in trees in the parks of Los Olivos district in Lima - Peru, using photogrammetry with RPAs. This was done in order to improve the management of urban trees and consequently improve the quality of life of the population.
2. Materials and methods
2.1 Study area
The study area consisted of five urban parks located in the district of Los Olivos in Lima, Peru (Figure 1). These parks include Antonio Raimondi, Solidaridad, Cristo Rey, Juan Pablo II and Santa Rosa, which are intended for recreational use by the population.
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Figure 1: Map of the study area
[bookmark: _Hlk98946786]2.2 Field stage
Five control points were established in each park, which were marked at the ends and center with enamel paint. The marks were approximately 1m x 1m long, and the RTK (Real Time Kinematic) method was used to georeference the points with Rolavi GPS equipment and the SW MAPS application. In addition, the base point for georeferencing is certified by the National Geographic Institute (IGN). On the other hand, to perform the flight with the RPAs, parameters such as area, time, height, ground sample distance (GSD), overlap photogram and camera angle were considered.
2.3 Cabinet stage
The data obtained from the control points were exported in shapefile format and then processed in ArcGis software to obtain the UTM coordinates for georeferencing each park.
The images obtained during the flight were processed in Agisoft Metashape software, which generated a point cloud. This point cloud with X, Y, and Z coordinates were georeferenced and adjusted millimetrically with the coordinates obtained by the RTK method.
2.4 Calculation of aboveground biomass and carbon estimation
To calculate the aerial biomass, the data were processed in Excel considering the height of each tree (greater than 2.5m) to determine its diameter of breast height (DBH). Equation 1 established by Isibue and Pingel (2020) was used to determine DBH. Meanwhile, for the calculation of biomass in trees, Equation 2 was used, which is applied for the Coast and Highlands regions established by the Peruvian Ministry of Environment (MINAM, 2019).
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With the results obtained from the AGB, carbon sequestration was calculated using Equation 3, which consists of multiplying the constant "0.47" established by the Peruvian Ministry of the Environment.

                                                                                                                                               (3)
3. Results and discussion
3.1 Flight plan
Table 1 shows the parameters established in the flight plan for each urban park studied, considering also camera angle (90º) and overlap photogram (70% and 80%).
Table 1: Flight plan
	Park name
	overflown area (m2)
	Flight height (m)
	Flight time (min)
	GSD (cm/px)
	Frame count (u)

	Antonio Raimondi
	11 620
	51.9
	3 min 11 s
	1.95
	44

	Solidaridad
	14 112
	51.9
	3 min 32 s
	1.95
	55

	Cristo Rey
	25 900
	51.9
	5 min 10 s
	1.95
	126

	Juan Pablo II
	22 379
	51.9
	4 min 38 s
	1.95
	60

	Santa Rosa
	14 534
	65.5
	2 min 59 s
	2.36
	39



[bookmark: _Hlk98946841]Table 1 shows that the flight height of the RPAs in Antonio Raimondi, Solidaridad, Cristo Rey and Juan Pablo II parks was 50 meters with a GSD of 1.95 cm/px and in Santa Rosa park at 60 meters with a GSD of 2.36 cm/px, because this park is adjacent to a multi-family building and to avoid accidents it was considered to increase the flight height by 13.6 meters.
In the same sense, Isibue and Pingel (2020) considered for an urban forest a flight height of 50 and 80 meters, with a camera angle of 70° and an overlap of 80% for a better coincidence of points. On the other hand, Huerta et al. (2018) performed the flight in an urban forest area at a height of 40 meters with a camera angle of 90° and an overlap of 70%, obtaining reliable results. In summary, Alonzo et al. (2020) mention that the camera angle serves to improve the geometry of images and the overlapping of images reduces systematic errors in the point cloud.
3.2 Aboveground biomass
For the calculation of aerial biomass, tree height, number of trees and diameter of breast height were considered. Table 2 shows the amount of aboveground biomass determined in each urban park as well as the number of trees and area.

Table 2: Calculation of aboveground biomass
	Park name
	area (m2)
	number of trees
	aboveground biomass (t/ha)

	Antonio Raimondi
	6,591.468
	46
	1.217

	Solidaridad
	6,260.493
	85
	1.848

	Cristo Rey
	11,570.092
	129
	9.443

	Juan Pablo II
	12,135.281
	95
	3.694

	Santa Rosa
	6894.629
	71
	4.260













[bookmark: _Hlk98946887]        Table 2 shows that Cristo Rey Park has the highest amount of aboveground biomass, with a value of 9,443 t/ha. This is because it contains a greater number of trees compared to the rest of the urban parks studied. On the other hand, the park with the lowest amount of aboveground biomass is Antonio Raimondi, with a value of 1,217 t/ha and a smaller number of trees. 
In another research conducted in three agricultural plots they obtained aerial biomass values of 2,971 kg/ha, 1,714 kg/ha and 2,923 kg/ha, with areas of 2.16 ha, 5.07 ha of and 15.8 ha, respectively (Marcos et al., 2016). In the same way, Huerta et al. (2018) calculated the aboveground biomass of an urban forest having as a result 379.35 tons in an area of 3 500 m2 with 48 trees of two different species. The results show that there is a difference in biomass estimation because it depends on the methodology used, the study area and number of trees. To this, Alonzo et al. (2020) and Cunliffe et al. (2021) mention that the use of photogrammetry with RPAs provides accurate estimates of aboveground biomass in different types and sizes of ecosystems, with adjustments to existing information from forest inventories.
3.3 Carbon sequestration
Figure 2 shows the amount of carbon sequestration of each park based on aboveground biomass content.
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Figure 1: Calculation of aboveground biomass
[bookmark: _Hlk98946949]Cristo Rey Park has a higher carbon sequestration of 4,438 tC/ha than the other parks because it contains more aboveground biomass. Antonio Raimondi Park has the lowest level with 0.572 tC/ha and less aboveground biomass, showing that aboveground biomass is directly proportional to carbon sequestration. 
The estimation of carbon sequestration may vary according to the conversion factor used, which depends on the characteristics of the species evaluated and on the researcher's criteria. In the present research, the factor "0.47" was used for the conversion of biomass to carbon, according to the report of the Forest and Wildlife National Inventory of Peru (MINAM, 2019). This factor was also applied in the work of Abdullah et al. (2021), using the Intergovernmental Panel on Climate Change (IPCC) as a reference.
Thus, Zhao and Hu (2017) used the constant 0.4937 due to the fact that in their research they worked with different broadleaved tree species that could use coefficients in the range between 0.45 and 0.55. On the other hand, Fernandes et al. (2020) and Tak and Kakde (2020) used the conversion factor 0.5 because they considered 50% of the calculated biomass, indicating that the conversion factor depends on the species evaluated.
4. Conclusions
[bookmark: _Hlk98946956]Photogrammetry with RPAs is a favorable and efficient methodology that allows determining the aerial biomass and calculating carbon sequestration, helping to preserve green areas according to the number of inhabitants per urban area. The results were given in tons of aerial biomass per hectare (t/ha) and tons of carbon sequestration per hectare (tC/ha); thus, Raimondi Park obtained 1,217 t/ha and 0. 572 tC/ha, Solidaridad Park obtained 1,848 t/ha and 0.868 tC/ha, Cristo Rey Park obtained 9,443 t/ha and 4,438 tC/ha, Juan Pablo II Park obtained 3,694 t/ha and 1,736 tC/ha, and Santa Rosa Park obtained 4,260 t/ha and 2,002 tC/ha, demonstrating a direct correlation between biomass and carbon.
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