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Research on valuation of ecosystem services for water quality

improvement using unmanned aerial vehicles™
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ABSTRACT

The riparian area plays a crucial role in maintaining the balance between the aquatic and terrestrial
ecosystems. The Korean government has recognized the importance of protecting riparian areas and
has taken steps to purchase land and create ecobelt to reduce non-point source pollutants(NSPs) that
can negatively impact water quality. However, selecting the catchment area and calculating the pollution
load can be challenging due to the small area of the purchased land and the limitations of low-resolution
DEMs. To address these challenges, this study proposes the use of unmanned aerial vehicles(UAVs)
to create a high-resolution DEM and calculate the pollution load through land cover analysis. This
approach can provide a more accurate representation of the land use status and help to identify areas
that are contributing to NSPs. The quantitative comparison of the difference in water quality
improvement ecosystem services according to the scenarios of additional catchment areas shows that
even land purchased for the same amount of money may have different ecosystem service values, and

this was quantitatively calculated. This can be used to prioritize future land acquisition. Overall, this
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study’s approach could provide valuable insights into the effectiveness of ecobelt in reducing NSPs

and inform future efforts to protect riparian areas in Korea and beyond.
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Digital Surface Model(DSM) =——

Figure 1. Concept of DSM and DTM(Ahmed and
Mahmud, 2022)
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Figure 2. Study flow chart
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Figure 3. Location of the study area(Purchased land is indicated by a green line)
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Table 1. UAV Specification

Image
Manufacturer DII
Dimension 322x91x84 mm (Unfolded)
Weight N07¢g
Max. Flight Time 31 min
Max. speed 72 km/h
Max Flight Distance 18 km

GNSS

GPS, GLONASS

Camera Sensor

1” CMOS Effective Pixels:
20 million

Still Tmage Size

5,472 x 3,648

Table 2. GCP and CP

surveying results

Point X[m] Y[m] Z[m]
CP1 |541099.0645 | 226766.6091 |  30.2040
CP2 | 541053.5923 | 226960.9752 |  29.0590
CP3 | 540806.4645 | 226824.5456 |  29.9448
GCP1 | 5412705227 | 226875.9482 |  28.4407
GCP2 | 541072.7709 | 227107.7043 |  29.6846
GCP3 | 540973.6667 | 226794.0576 | 303335
GCP4 | 540603.1828 | 226875.5293 |  28.9062
GCP5 | 540868.9662 | 227074.1994 |  31.8121
GCP6 | 541127.8923 | 227337.8702 |  32.1357
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Table 3. Pollutional loading amounts of Units

Cadastral map Subdivision land cover map(code) BOD T-N T-P
Dry field U‘;‘:ﬁi‘;ﬁg&iﬂggf) 438 3.409 14
Paddy Unorganized paddy(212) 4.24 292 0.467

Pasture, Park, cemetery Other cultivation(252), Meadow(423) 371 3.986 0.295
Ditch, Pond Vacant land(623) 0.96 0.759 0.027
Road Road(154) 12.42 7.553 0.391

L(land category) = 2 (AXC) (1)

23(BxC) (2)

Land covery =
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Figure 6. The results of GIS analysis derived UAV data(a) and 1:5,000 digital map(b)
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Figure 7. The out-flow way predicted by D8 model using each DEM as a source: (a) UAV data; (b) Spot elevation

points and Contour lines(1:5,000)
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Table 5. Reclassification of Land Cover Code by category of land

Cadastral Map

01020 40 60 80 100

Subdivision Land Cover Map

Legend
I 154 Road

212 Unorganized paddy

222 Unorganized dry field

231 Facility cultivation
B 252 Other cultivation

40 60 80 100 B 423 Meadow

m m 623 Vacant land
Pollutional loading | Category of land Pollutional loading Subdivision Land Cover Code, Name
amounts of Units (area, ratio) amounts of Units (area, ratio)
Paddy 212, Unorganized paddy (3,69711, 22.8%)
222, Unorganized dry field (3,566, 22.0%)
Dry field -
231, Facility cultivation (1,794, 11.1%)
Paddy . :
Padd; , 252, Other cultivation (1,639, 10.1%)
v (16,2321, 100%) | Pasture, Park, Cemetery - ’
423, Meadow (5,063, 31.2%)
Ditch, Pond 623, Vacant land (4381, 2.7%)
Road 154, Road (3417, 0.2%)
Pond Pasture, Park, Cemetery | 423, Meadow (50m’°, 100%)
(50, 100%) > A S e W i
Ditch, Pond Pasture, Park, Cemetery | 423, Meadow (821, 68.9%)
DitCh 2
2 .. .. o
(119, 100%) Dry field 231, Facility cul}lvatlon am, 0.8%)
Road 154, Road (36M, 30.3%)
Ao APH B oS 28 H7] wiolt Zab7] wiEel Aoz AdHKGrau et al,
1 Al ¥ tHAlphonse et al., 2023). 2021; Thompson et al., 2001).
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Table 6. Calculation of the non-point pollution load
amount (kg/kmz-day)

. Cadastral |Land Cover| Difference
Division map(a) map(b) values
BOD 0.069 0.067 (0.002)
T-P 0.008 0.013 0.005
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Figure 9. Location feature designation in Scenarios 1
and 2
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Table 7. Scenarios with and without Hexagon intersected
Flow Accumulation

Category Scenario 1 | Scenario 2
The total number of 15 15
Hexagon
The number of Hexagon
intersected Flow 0 15
Accumulation
Total area(Im’) 1,500 1,500
Individual official land 49,400 49,400

price in 2023(won/M’)

Total Individual official

land price in 2023((KRW) 74,100,000 | 74,100,000

ool WA met LAFFE Alo|7t T}
Stk Alye] 212 BODE 0.09kg/ki-day, T-P&=
0.018kg/ki-day, Al\}2]22%= BOD+E 0.13kg/
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Table 8. The result of Ecosystem Water Quality Regulating Services by Scenarios

Category Scenario 1

Scenario 2

Hexagon model map

01020 40 60 80 ﬂwm 01020 40 60 80 1DUm
The number of Add'ed 15 135
Hexagon by Scenario
The total number c?f 215 335
Hexagon by Scenario
Total area(m') 21,500 33,500
Calculation of the BOD 0.09 0.13
non-point pollution
load a{nount T-P 0.018 0.022
(kg/k'- day)
The economic value of water
quality regulation 530,566 711,789

in total watershed(KRW/yr)
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