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Kwan Phayao Lake is the largest freshwater in the Northern region and is
classified in the wetlands of international importance. It also provides various
ecosystem services, including water supply for household consumption, agriculture,
and recreation. However, the human activity and land use change have affected the
lake's water quality due to high sediment load and eutrophication. Therefore, this
research aims to identify the optimal LULC allocation scenario to minimize sediment
and nutrient export into the lake. The research objectives were (1) to classify LULC
data in 2009 and 2019, (2) to estimate the land requirement and predict LULC of three
scenarios between 2020 and 2029, (3) to estimate sediment and nutrient export of
actual LULCin 2019 and predicted LULC of three scenarios, and (4) to identify optimum
LULC allocation to minimize sediment and nutrient export. This study first assessed
LULC status and change based on classified LULC data in 2009 and 2019 from Landsat
images using a support vector machine. Later, land requirements of three scenarios
between 2020 and 2029 were estimated based on their characteristics and applied to
predict LULC change by the CLUE-S model. For the calibration process of the SDR and
NDR model, the selected parameters for sediment and nutrient export under the
INVEST software suite were systematically calibrated to identify each model's optimum
local parameters using the percent bias (PBIAS) and the coefficient of determination
(R?). Finally, actual LULC data in 2019 and predictive LULC data of three scenarios were
used to estimate sediment and nutrient export for identifying suitable LULC allocation
to minimize sediment and nutrient export by Ecosystems Services Change Index (ESCI).

As a result, the significantly increasing LULC types from 2009 to 2019 were

perennial trees and orchards, para rubber, and rangeland. The critical decreasing LULC
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types were forest land and paddy fields. Meanwhile, the derived land requirement and
predictive LULC data of three scenarios provided reasonable results as expected,
particularly Scenario Il, which adopts the linear programming to calculate the land
requirement for maximizing ecosystem services values. The PBIAS and R? values for
the model calibration were between satisfactory and very good for sediment, nitrogen,
and phosphorus export estimation. According to sediment and nutrient export
estimation of actual LULC in 2019 and predicted LULC of three scenarios between
2020 and 2029, Scenario Il (Maximization ecosystem service values) created the lowest
yield of sediment, nitrogen, and phosphorus exports, with average values of 37,677.19
tons, 196,135.56 kg., and 43,316.82 kg. and provided the lowest average ESCI value
(0.1575) among three scenarios. Thus, LULC allocation of Scenario Il (Maximization
ecosystem service value) was chosen as optimum LULC allocation for minimizing
sediment and nutrient exports into Kwan Phayao Lake. These results can serve as
crucial information to minimize sediment and nutrient loads for land use planners,
land managers, and decision-makers.

In conclusion, integrating remote sensing with advanced classification methods,
GIS data with linear programming, and advanced geospatial models can be used as an
efficient tool to identify an optimum LULC allocation scenario to minimize sediment

and nutrient export.
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