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Unveiling Synergies and Trade-offs between Ecosystem Services
and Dis-services in Agricultural Landscapes

Abstract

Agricultural ecosystems provide both essential benefits and notable drawbacks.
Ecosystem services (ES) such as water regulation, carbon storage, soil retention,
and crop production enhance human well-being, while ecosystem dis-services
(EDS)—including nutrient runoff, greenhouse gas emissions, and soil erosion—
undermine agricultural sustainability. Despite growing recognition of ES, few
studies explicitly assess ES and EDS together, leaving important trade-offs
overlooked. This study investigates the spatial patterns and interactions of ES and
EDS in Chiayi County, Taiwan, a key agricultural region. We quantified ES (water
yield, purification, carbon storage, soil retention, and crop provision) and EDS
(water pollution, greenhouse gas emissions, and soil erosion) using field data and
the InVEST modeling framework. Correlation analysis explored ES-EDS
relationships at the county scale, and cluster analysis identified bundles of
services and dis-services across townships. Results show clear spatial contrasts:
farmland in the western plains supports high crop production and nutrient
retention but also exhibits high greenhouse gas emissions and nutrient export.
Sloping farmland in central areas enhances soil retention but increases water
pollution risks. Mountainous zones provide regulating services, although some
croplands experience soil erosion. Strong synergies exist among regulating
services, while trade-offs are evident between crop provision and dis-services.
Cluster analysis distinguishes three landscape groups: mountainous, intensive
agricultural, and urban—suburban areas, each with distinct ES-EDS profiles. By
integrating ES and EDS, this study highlights critical trade-offs in agricultural
landscapes and identifies priority areas for management, including stricter
regulation of sloping farmland and improved fertilizer practices in plains.
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Ecosystem Service Flow Assessment Across Zhuoshui Watershed

Abstract

This study advances spatial modeling tools by integrating ecosystem service (ES)
flows into land-use planning, supporting evidence-based decisions for balanced
and sustainable watershed development. We examine the spatial and temporal
dynamics of ES flows in the Zhuoshui watershed, Taiwan, across 2010, 2015, and
2020. Using an integrated ES value (ESV)-flow model based on gravitational
principles and metacoupling theory, we analyzed how ES move between
administrative regions, linking ecological supply with population-driven demand.
Results reveal clear spatial disparities: upstream and central sub-watersheds
exhibit positive ES flow values, reflecting strong local supply, while downstream
and peri-urban zones experience persistent deficits due to high demand and
limited capacity. Over time, some balanced areas slightly improved, yet deficit
zones worsened, widening spatial inequality in ES distribution. These findings
underscore the importance of spatially explicit ES flow modeling for identifying
vulnerable regions and guiding ecological compensation and cross-boundary
management. By quantifying the direction and strength of ES exchanges, this
approach provides valuable insights for adaptive watershed planning and
sustainable resource allocation under ongoing land-use and socio-economic

change.
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Nature-Based Solutions for Nutrient Reduction and Ecosystem
Services in the Lanyang River Basin

Abstract

Nature-based Solutions (NbS) are increasingly recognized as effective strategies
for enhancing water-related ecosystem services in agricultural watersheds. This
study applied the InVEST model to the Lanyang River Basin, Taiwan, to assess
nutrient reduction under different NbS scenarios. Results identified agricultural
land as the primary hotspot, with baseline exports of 0.98 kg N/ha and 4.85 kg
P/ha. Implementing NbS measures—precision fertilization, vegetative buffer
zones on sloped fields, and constructed wetlands around paddy fields—
significantly reduced nutrient export. Agricultural land achieved >30% reduction
in nitrogen and >35% in phosphorus, while pasture and livestock areas reduced
nitrogen by >20% and phosphorus by >30%. Beyond lowering nutrient loads,
NbS improved nutrient retention efficiency, thereby strengthening water
purification services. These findings underscore the dual role of NbS in mitigating
agricultural pollution and enhancing watershed resilience. Overall, this study
provides quantitative evidence that NbS can serve as practical, site-specific
strategies to reconcile agricultural productivity with ecosystem health, informing
sustainable watershed management and policy design. Key words: Nature-based

solution, ecosystem services, watershed resilience, Lanyang River Basin
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Seeing the Unseen: Exploring Groundwater Ecosystem Services in
Land Subsidence Areas

Abstract

Groundwater sustains nearly one-third of the global freshwater provision.
However, ecosystem services delivered by subsurface water ecosystems (i.e.
groundwater ecosystem services, GESs) are rarely recognized or fully understood
by the public. Consequently, overuse of groundwater has led not only to the
significant depletion of GESs but also to disasters, such as land subsidence. Our
study aims to identify and prioritize important GESs. We conducted a content
analysis to synthesize the functions of a subsurface water ecosystem and their
contribution to human well-being through goods and services. Then we
identified and prioritized the important GESs in land subsidence areas in Yunlin
County, Taiwan, using the Fuzzy Delphi method with inputs from 32 experts. The
results prioritized the importance of drought attenuation, followed by sustaining
groundwater-dependent ecosystems, freshwater supply, and water storage and
balance. Our findings provide insights into co-shaping strategies with
stakeholders for nature-based solutions for groundwater overdraft, grounded in
the concept of ecosystem services. We would like to contribute to the session
“Investigation of the vulnerability and residence on critical lands.”
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Applying the SEEA-EA Ecosystem Accounting Framework to Assess
Farmland Ecosystem Services

Abstract

Agricultural land provides multiple benefits to society, yet its contributions are
often undervalued in economic and policy decision-making. Ecosystem services
(ES) offer a comprehensive perspective to evaluate the diverse benefits that
agriculture delivers, including provisioning, regulating and maintenance services.
In recent years, ES research has advanced substantially, and its integration into
the System of Environmental-Economic Accounting—Ecosystem Accounting
(SEEA-EA) framework has been increasingly recognized. Nevertheless,
agricultural land is often treated as a single category, overlooking the
heterogeneity of crop types, land-use practices, and ecological functions. In
addition, Taiwan has not yet incorporated ecosystem accounting into its national
statistical system, leaving a significant gap in the systematic evaluation of
agricultural ecosystems. This study applies the SEEA-EA framework to a
representative farmland landscape in Taiwan to demonstrate how agricultural
ecosystems can be assessed and valued. By integrating field survey data with the
INVEST model, we developed a spatially explicit methodology to quantify ES in
both physical and monetary terms. Ecosystem accounts were compiled to
describe ecosystem extent, condition, service flows, and asset values, providing a
consistent structure to capture the contributions of farmland. The results
highlight the essential role of farmland in sustaining ES at the local scale.
Farmland covers nearly half of the study area, with soil conditions characterized
by high pH, strong cation exchange capacity, and substantial organic matter and
nutrient content. The ES accounts indicate that cropland performs particularly
well in crop provisioning, water flow regulation, and nutrient (nitrogen and
phosphorus) retention. In monetary terms, annual contributions from cropland
are estimated at approximately USD 1,710 million, with nutrient retention 1,240
million and water retention 654 million dollars. At the asset level, the total
ecosystem value is estimated at USD 110 billion, with farmland ecosystems
contributing about USD 72 billion. These findings demonstrate the practical
application of the SEEA-EA framework for agricultural land. The results not only
reveal the significant and often overlooked contributions of farmland to
ecosystem services, but also provide a systematic basis for integrating ecological
and economic perspectives into land management and policy.
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Assessment of Ecosystem Services for Sustainable Management of
Techi Reservoir Catchment

Abstract

In the past decade, the long-term sustainability of water resources and the
ecosystem services they support has attracted increasing global attention. This
concern is largely driven by shifting climate conditions, changing land use
patterns, and expanding industrial development. In response, conservation
strategies grounded in quantitative assessments, particularly those employing
scientific modeling and spatial analysis, are becoming increasingly essential.
Against this backdrop, the Techi Reservoir watershed in Heping District, Taichung
City, Taiwan, was selected as the focal area of this study. Geographic information
systems and the InVEST suite of models were applied to assess spatial and
temporal variations in multiple ecosystem services, including annual water yield,
nutrient retention, habitat quality, carbon sequestration, and agricultural output,
over the period 2007-2021. The results revealed that climate variability (with 2007
representing a wet year and 2021 a relatively dry year) and land use changes had
complex impacts on water supply, ecological conservation, and agricultural
production in the watershed. Notably, annual water yield declined by ~58.8%
between 2007 and 2021 (from 2,503 mm to 1,030 mm). Other key findings
included growing disparities in rainfall use efficiency, heightened nutrient runoff
risks linked to agricultural and urban expansion, localized habitat degradation,
and fluctuations in carbon storage. With respect to provisioning services, fruit
crops with high productivity and economic value were concentrated in
designated areas of the central and southern watershed, underscoring how
intensified agricultural practices and land use choices shape both economic
returns and environmental pressures. Since this study focused primarily on the
physical environment, future work should incorporate human and policy
dimensions to support more holistic and inclusive management strategies.
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Impact and Adaptation Strategies in Response to Climate Change
on Changhua's Agricultural Irrigation Water Resources

Abstract

The increasing frequency of extreme weather events caused by climate change
leads to global disasters. Although Taiwan has abundant rainfall, rainfall
distribution is uneven across time and space, resulting in extreme annual
precipitation patterns. In recent years, there has been a trend of increasing
frequency and intensity of extreme events. This clear distinction between wet and
dry seasons may elevate the risk of drought disasters in Taiwan. The impact of
climate change on water resources could make long-term issues such as resource
utilization, allocation, and water quality and quantity management for
agricultural irrigation more severe. Furthermore, due to competition among
different water users, policies such as fallow periods and irrigation suspensions
often interrupt the supply of agricultural irrigation water. These interruptions
reduce farm production and degrade the quality of farmland due to prolonged
periods of inactivity. Therefore, this study aims to establish a regional assessment
method to evaluate the impact on irrigation water quality and supply demand,
using the Changhua region of Taiwan as a case study. It analyzes key factors
influencing changes in irrigation water quality and considers human and natural
factors to predict medium- and long-term trends in irrigation water resources.
The study also estimates the potential impacts of future climate change and
proposes adaptation strategies, such as the combined use of surface water and
groundwater. This research is situated within the theme of sustainable land use
and ecosystem management, as ensuring reliable irrigation water supply is
fundamental for sustaining agricultural productivity, preventing farmland
degradation, and maintaining ecosystem resilience under climate change. By
integrating climate adaptation strategies with land and water resource
management, this study provides insights that can support sustainable
agricultural development and strengthen ecosystem services in Taiwan' s
agricultural regions.
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The Impact of Arsenic Potential Analysis in Groundwater Wells on
Agricultural Irrigation Water

Abstract

In the past 50 years, the issue of arsenic contamination in groundwater has
garnered significant international attention. It primarily impacts aspects such as
groundwater safety, agricultural irrigation, crop growth, and human health. The
processes affecting the release and distribution of arsenic concentrations in
groundwater are mainly influenced by factors such as hydrogeological
conditions, biogeochemical reactions, and human activities. These factors include
changes in terrain, sedimentary processes, sediment characteristics, soil
properties, land use, groundwater recharge, and extraction rates ( Shamsudduha
et al, 2015 ) . Taiwan has long faced the challenge of arsenic-enriched
groundwater, a phenomenon associated with natural sedimentary environmental
reduction reactions. Additionally, climate change has led to uneven patterns of
drought and flood events. Prolonged irrigation with arsenic-rich groundwater has
resulted in the accumulation of arsenic in agricultural soils, thereby impeding
crop growth and posing serious risks to human health. Consequently, future
groundwater resource allocation must take into account the interplay between
water quantity and water quality in order to achieve the sustainable utilization of
agricultural irrigation water resources. Therefore, this study focuses on the
potential range of arsenic contamination in Taiwan, including Yilan, Changhua,
Yunlin, Chiayi, Tainan, Kaohsiung, and Pingtung. Different types of spatial data,
including point, line, and polygon features, were processed within a GIS
framework and subsequently converted into a gridded format to ensure data
standardization and homogenization. Risk was defined as the product of
vulnerability, hazard, and exposure, and applied to evaluate the potential risk of
arsenic contamination in agricultural irrigation water from groundwater wells.
Based on this framework, a risk map was constructed to analyze the probability
distribution of arsenic contamination within irrigation areas. The results reveal
that Tainan exhibits the highest overall risk, while Changhua, Chiayi, and
Kaohsiung also require careful monitoring of groundwater arsenic conditions.
This study highlights the distinct regional risk characteristics across Taiwan and
provides a scientific basis for recommending adaptive strategies and
management tailored to different levels of contamination probability. Ultimately,
the research reflects the vulnerability of critical lands and the reliance of local
communities on groundwater resources, thereby contributing to agricultural
environmental safety and offering important guidance for the sustainable
governance of groundwater resources.
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Evaluating Sustainable Agricultural Management Strategies in the
Zhuoshui River Basin Using SWAT

Abstract

The Zhuoshui River Basin faces increasing pressures from intensive agriculture,
soil erosion, and nutrient loss. To explore sustainable management strategies, this
study applied the SWAT model to evaluate crop substitution and fertilization
scenarios. Two approaches were tested: S1B, high-value crops with rational
fertilization, and S2B, high-value crops with 1.5x fertilization. Representative
high-value crops included water bamboo (paddy), tea (dryland), plums (insect-
pollinated orchards), and grapes (self-pollinating orchards). Results show that
both scenarios substantially reduced sediment export (-0.05% to —88% across
subbasins). Nitrogen dynamics, however, differed: S1B lowered TN export,
whereas S2B increased TN export by 2-35% due to higher nutrient input. Both
scenarios reduced water yield in midstream areas, indicating lower availability
under high-value cropping systems. Fertilization enhanced yields across crop
types, with high-value crops showing the strongest gains, but substitution
benefits varied spatially, underscoring the need for site-specific planning. Overall,
the study demonstrates that rational fertilization combined with crop
substitution can enhance productivity while reducing nutrient runoff and erosion
risks. These findings provide a framework for integrating agricultural production
with watershed conservation, supporting sustainable land use in the largest river

basin in Taiwan.
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Spatio-Temporal Analysis of Hydroclimatic Trends and Land Use/Land Cover Change
in the Mukawa River Basin, Hokkaido, Japan in the Past Half Century

Abstract

Sustainable land use and ecosystem management face increasing challenges
from climate change and human activities, especially in agricultural basins. Global
warming alters hydroclimatic factors such as temperature, precipitation, and
snowfall, affecting watershed hydrology, crop productivity, and ecosystem
stability. Impacts vary regionally due to topography, elevation, and human
activity. In Hokkaido, northern Japan, winter temperatures have risen 1.33°C in the
past years, exceeding the national average. Mukawa River Basin is one of the key
agricultural areas in Hokkaido sugplylng rice, beans, potatoes, wheat, and
vegetables, while also providing habitat for endemic Shishamo fish (Spirinchus
lanceolatus). Understanding hydroclimatic variability and land use/land cover
(LULC) changes is essential to maintain both agriculture and ecosystem service.
The aim of this study was to: (1) assess temporal trends of hydroclimatic and
anthropogenic factors; (2) examine the relative influence of these drivers on river
discharge; and (3) quantify spatial and temporal LULC changes over 44Myears
(1978-2022). Data from nine stations were analyzed using the modified Mann-
Kendall test, permutation test, and Sen’ s slope estimator to detect trends. River
discharge drivers were evaluated using multiple linear regression while LULC
change was assessed through satellite image classification and change detection
analyses. Results revealed significant increases in mean, maximum, and minimum
temperatures, particularly at Mukawa and Hobetsu stations, while higher-
elevation sites showed increasing rainfall trends. Snowfall decreased significantly
(-0.094 cm/month?{ with potential implications for spring snowmelt irrigation.
Although river discharge exhibited an upward trend, it was not significant at the
5% level. Multiple linear regression analysis indicated that precipitation had the
strongest influence on discharge %coe icient = 0.3745, E < 2 x 107%°), while
irrigation exerted a small but significant negative effect. LULC analysis revealed
an expansion of forest cover (from 81.6% to 89.5%) accompanied by declines in
cropland and grassland, largely reflecting rural population decrease and land
abandonment. The findings highlight that hydroclimatic variability and LULC
changes directlﬁ affect water resources, agricultural productivity, and ecosystem
stability. The observed decline in snowfall, coupled with rising temperatures,
signals important shifts in water availability for agriculture and a potential shift in
crops grown in_the basin, while forest expansion provides hydrological and
ecological benefits such as stabilizing slopes, reducngjg flood risk, and enhancing
resilience. By linking hydroclimatic trends with land use outcomes, this study
contributes to the conference theme by offering evidence-based insights for
aﬁaptive, sustainable land and water management strategies under climate
change.
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Phosphorus Transformation and Nutrient Recycling in Paddy Fields
under Water-Saving Irrigation and Straw Incorporation

Abstract

Efficient phosphorus (P) management is vital for sustaining rice production while
reducing environmental risks such as eutrophication. Global P use efficiency in
rice systems remains relatively low, leading to fertilizer losses and potential water
pollution. Water regimes in paddy fields strongly regulate soil redox conditions,
thereby shaping P transformations, retention, and availability to crops.
Meanwhile, straw return is widely promoted as a sustainable strategy to recycle
nutrients and maintain soil organic matter. However, its interaction with water-
saving irrigation, particularly alternate wetting and drying (AWD), on P dynamics
and crop performance remains insufficiently understood. This study investigates
how two contrasting water regimes—continuous flooding and AWD—combined
with rice straw incorporation influence the distribution of P species, their
bioavailability, and subsequent impacts on rice growth and soil properties. The
experiment was designed with factorial combinations of water management and
straw return. Sequential fractionation, soil solution monitoring, and plant uptake
assessments were applied to trace changes in both inorganic and organic P pools,
while also linking soil chemical processes with crop performance indicators such
as biomass production and nutrient accumulation. Preliminary results indicate
that the integration of AWD and straw incorporation did not markedly enhance
labile P availability compared with continuous flooding. Nonetheless, it did not
negatively affect rice growth, yield, or overall soil fertility, suggesting that this
practice provides a stable management option without agronomic trade-offs.
Although no additional environmental or agronomic benefits were observed, the
findings highlight the robustness of AWD as a water saving irrigation strategy that
can be safely implemented alongside straw return. This research underscores
practical considerations for phosphorus stewardship in rice-based systems and
demonstrates pathways to align soil fertility management with environmental
protection. By clarifying the interactions between irrigation practices and residue
management, the study contributes to advancing sustainable land use and
ecosystem management in rice agroecosystems.
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Chemical Speciation and Plant Availability of Legacy Phosphorus in
Rice Soils

Abstract

Phosphorus, as an essential nutrient for rice growth, is often applied to soils with
fertilizers to enhance yield. However, in the past decade, shortages of phosphate
rock have emerged, and long-term phosphorus accumulation in soils has led to
environmental pollution, making the issue of legacy phosphorus in soils
increasingly significant. To determine whether legacy soil phosphorus can
adequately supply crops in the absence of fertilizer application and to clarify the
specific phosphorus species released into the soil, this study analyzed rice soils
from various regions of Taiwan. Soil samples were characterized for total
phosphorus, pH, and iron and aluminum oxides. At the same time, rice plants
were collected, and phosphorus concentrations in roots, shoots, and grains were
measured. Translocation factors (TF) and accumulation factors (AF) were also
calculated to assess the movement of P from soils into plant compartments. The
results showed that phosphorus concentrations in rice roots increased with total
soil P, while no similar trend was observed in shoots, grains, or total plant uptake.
This pattern reflects an oversupply of phosphorus in legacy P soils. In addition, TF
from soil to roots and AF from soil to plant parts were notably lower than values
reported in earlier studies, which can be attributed to the high soil total P
concentrations observed here. In terms of speciation, Fe-bound phosphorus
dominated in acidic soils, whereas Ca-bound phosphorus was more prevalent in
alkaline soils, consistent with thermodynamic predictions. Interestingly,
substantial amounts of Ca—P in acidic soils and Fe-P in alkaline soils were also
detected, contrary to expectations. These P species may play a key role in
contributing to plant-available phosphorus in legacy P soils. The findings will
contribute to a reevaluation of recommended phosphorus fertilization methods
for rice, with the aim to reduce phosphorus fertilizer application to decrease
phosphorus mineral consumption. and simultaneously lower legacy phosphorus
levels in rice paddy soils to mitigate phosphorus pollution.
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Distribution of Residual Agricultural Pesticides and their Impact
Assessment on the Survival of an Endangered Species

Abstract

Exploitation of land due to anthropogenic activities poses a serious threat to the
environment and ecosystems. To better understand the interaction between land
use and environmental changes, this study aims to investigate the impact of
human activities on natural resources through the existence of regional indicator
species. Conventional farming has contributed to fertilizer loss and pesticide
contamination, both of which negatively affect the ecosystems and wildlife
habitats. Prionailurus bengalensis, commonly known as the leopard cat, was
chosen as the target species of this study. The leopard cat is classified as Critically
Endangered (CR) by International Union for Conservation of Nature (IUCN). As an
apex predator, its existence is significant for ecological stability and biodiversity
in Taiwan. To explore the impacts of agricultural pollutants, this study analyzed
the distribution of pesticides and agricultural agents in farming areas of Western
Taiwan and assessed their ecological risk to leopard cats by integrating health risk
assessment principles with the modelling algorithm proposed by the European
Food Safety Authority (EFSA). Data on agricultural activity patterns were collected,
and soil samples were collected to determine the residual concentrations of
agricultural agents. Spatial information analysis techniques in GIS were employed
to establish the relationship between the distribution of leopard cats and the
results of sample detection. Factors threatening its survival were further explored
to identify the most direct correlation between environmental pollution caused
by economic activities and the survival of leopard cats. From 106 soil samples, 79
pesticides were detected. The hazard index (HI) varied with land-use patterns,
with values in Yuanli and Zhuolan were notably higher than in other regions,
suggesting an increased likelihood of accumulation of hazard pollutants in
leopard cat. Areas of intensive agro-chemical use overlapped extensively with
leopard cat home range, reinforcing the hypothesis that pesticide residues pose
a potential threat to reduce its sensitivity to danger recognition (Mostafalou and
Abdollahi, 2018). The proposed risk assessment framework effectively quantified
the risk of pesticide residue to wild mammals, subsequently contributing to the
development of conservation strategies for wildlife to achieve a sustainable
environment and ecosystem.
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Potential Adverse Effect of Legacy Phosphorus on Sustainable
Nutrient Uptake

Abstract

Legacy phosphorus, the residual phosphorus from past fertilization, persists in
soils through adsorption and precipitation. Thus, excessive P fertilizers are often
applied to sustain yields, leading to substantial soil accumulation. Yet, the effects
of legacy P on other nutrients remain unclear. To examine its role in nutrient
uptake, soils and rice (Oryza sativa L.) from 77 Taiwanese paddies were analyzed.
Results show that rising soil P increased root P but not shoot or grain P, implying
excess P accumulates in soils or roots. Grain Mg and Zn, and shoot Ca and Mn,
were lower than in earlier studies. Declining Mg, Zn, and Ca translocation with
rising P suggests phosphate binding or precipitation in roots, possibly involving
ferrihydrite-M2* — PO, 3 -~ complexes (Mendez & Hiemstra, 2020). Root Mn
decreased with soil P implying reduced availability from P-induced fixation. These
results indicate legacy phosphorus may alter nutrient absorption and transport,
though further studies are required. The research will help clarify how legacy
phosphorus affects plants and its mechanisms, raising awareness of legacy

phosphorus issues and contributing to environmental and food security.
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Soil Greenhouse Gas Emission Flux Monitoring under Different
Organic Rice Management Strategies

Abstract

Climate change has intensified concerns over greenhouse gas (GHG) emissions
from agriculture, particularly methane (CH,) and nitrous oxide (N,O) from paddy
fields. Although paddies are major CH, sources, they also provide carbon
sequestration potential. Appropriate irrigation and residue management can
mitigate GHG emissions while enhancing soil organic carbon. In organic systems,
balancing productivity with sustainability is crucial, yet research on GHG emission
and sequestration coefficients for organic rice in Taiwan remains limited. This
study established a soil GHG monitoring system in the organic rice fields of Tse-
Xin Organic Farm, Yunlin County, Taiwan and set up a carbon reduction—
sequestration trial zone. This study tested irrigation regimes (flooding vs.
alternate wetting and drying), straw removal, straw incorporation, and paper
mulch, assessing their effects on GHG fluxes. Results showed a pronounced peak
of CH, emission during the tillering stage, while short-term peaks of N,O
occurred following basal fertilizer application and during field drying. Moreover,
CH, emissions under continuous flooding were approximately 60% higher than
those under alternate wetting and drying irrigation. Based on IPCC (2021) factors,
flooding with paper mulch yielded the highest emissions (12.99 t CO,e/ha),
whereas water-saving with straw removal was lowest (3.28 t CO,e/ha). In
conclusion, AWD demonstrates substantial mitigation potential, whereas the
application of paper mulch may lead to increased GHG emissions, suggesting a

potential trade-off in management practices.
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Effects of Rice Straw Management on Greenhouse Gas Emissions During
Rice Cultivation using Multichannel Automated Chamber System

Abstract

Rice cultivation is essential for global food security but is also a major source of
greenhouse gases (GHGs), particularly methane (CH,) and nitrous oxide (N,O).
Post-harvest straw management strongly influences organic carbon
decomposition, effecting soil carbon and nitrogen cycling and regulating GHG
fluxes. This study aims to evaluate how three straw management strategies rice
straw incorporation (+RS), rice straw cover (RS cover), and rice straw removal (-
RS) affect CH, and N,O emissions under conventional flooding. Using an
automated multichannel chamber system monitoring GHG emissions with soil
and porewater analyzing, the research seeks to clarify the temporal dynamics of
emissions and their links to soil carbon and nitrogen coupling, providing a basis
for identifying management practices that sustain soil fertility while mitigating
the carbon footprint of rice systems. This presentation advances the theme of
sustainable agriculture and climate change by illustrating the trade-offs between
soil fertility enhancement and greenhouse gas (GHG) mitigation in conventional
flooding paddy rice. High-frequency chamber measurements revealed distinct
temporal patterns of GHG emissions among straw management treatments
methane (CH,) fluxes were highest in +RS during early rice growth, while nitrous
oxide (N,O) emissions consistently peaked 3-7 days after fertilization especially
following the second top-dressing and during mid-season drainage with RS
cover exhibiting the largest N20O fluxes. Porewater analyses showed higher total
nitrogen and ammonium concentrations in —RS treatment but the lowest levels in
RS cover. Both straw return treatments (+RS and RS cover) increased soil total
carbon, total nitrogen, dissolved organic carbon, and porewater carbon,
indicating long-term soil fertility benefits. The result shows that the importance
of straw management effect carbon and nitrogen coupling. Through the
integration of continuous GHG monitoring with detailed soil biochemical analysis
evidence-based recommendations for rice management that harmonizes crop
productivity, soil fertility, and environmental sustainability.
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Greenhouse Gas Emissions and Carbon Sequestration During
Coffee Ground Decomposition Influenced by Earthworm Activity

Abstract

Spent coffee grounds (SCG) are a common organic waste in modern society.
Using them properly can help reduce waste problems, improve soil quality, and
support circular agriculture. However, when incorporated into soils, the
decomposition of SCG often leads to emissions of greenhouse gases such as
carbon dioxide (CO,) and nitrous oxide (N;O), which may offset their
environmental benefits. This study aims to address the balance between resource
recycling and climate change risks by examining the interactions among
earthwormes, soil, and organic matter, with a particular focus on how earthworms
influence SCG decomposition and carbon-nitrogen dynamics. Four treatments
were established: a control (no amendment), SCG only, earthworms only, and SCG
combined with earthworms. Under controlled temperature conditions, CO, and
N,O fluxes were continuously monitored, along with nitrogen dynamics and the
stability of soil organic carbon. The results showed that SCG application
significantly increased greenhouse gas emissions; however, the presence of
earthworms also enhanced the proportion of stable organic carbon, revealing a
dual effect of increased short-term emissions but improved long-term carbon
sequestration potential. This study highlights both the environmental benefits
and risks associated with organic waste recycling, directly aligning with the
conference theme of environmental sustainability and climate response. The
findings aim to provide valuable insights for developing sustainable strategies in

agricultural management and organic waste utilization.
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Author Tsung-Ju, Chuang

Heavy Metal Speciation and Transformation in Contaminated Paddy Soils:
Implications of Tillage Remediation for Sustainable Land Use

Abstract

Heavy metal contamination in agricultural soils represents a pressing global
challenge that directly constrains sustainable land use. The main sources of
contamination—industrial emissions, agricultural inputs such as fertilizers and
pesticides, and natural geological processes—have led to widespread
degradation of soil quality. This not only reduces crop productivity but also
increases the likelihood of toxic elements entering the food chain, thereby posing
significant threats to human health. These risks undermine the long-term
usability and resilience of farmland, making effective remediation essential for
maintaining agricultural sustainability. Among existing approaches, soil tillage is
one of the most widely applied methods for managing contaminated farmland.
By inverting and mixing different soil layers, tillage effectively dilutes surface
concentrations of heavy metals and reduces immediate risks of crop uptake.
However, this method also alters key environmental conditions, including soil
moisture, pH, and redox potential, which strongly influence the chemical
speciation and bioavailability of metals. Since environmental risks are determined
more by speciation than by total concentrations, understanding these
transformations is crucial for designing remediation strategies that truly support
sustainable land use. This study combined sequential extraction, X-ray absorption
spectroscopy (XAS), and bioavailability assays to investigate heavy metal
speciation before and after tillage in contaminated paddy soils. Results revealed
that prior to remediation, high-risk species were concentrated near irrigation
inlets, with concentrations decreasing along gradients of distance and depth. This
pattern reflects the input and accumulation of irrigation-borne contaminants.
After tillage remediation, total heavy metal concentrations and the proportion of
hazardous species in surface soils decreased significantly, demonstrating the
short-term effectiveness of this approach in lowering crop uptake risk.
Nonetheless, the redistribution of unstable species to deeper soil layers was also
observed, raising concerns about the persistence and long-term ecological safety
of tillage-based remediation. Importantly, this study highlights the need to
integrate sequential extraction with XAS for a more comprehensive
characterization of metal speciation. Together, these complementary methods
provide a robust foundation for evaluating dynamic transformations and
predicting future risks. Such integrated assessments are essential for advancing
remediation strategies that not only address immediate contamination but also
ensure the long-term sustainability of agricultural land use.
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Modeling Food-Energy-Water Sustainability via Ecosystem
Services in a Subtropical Watershed

Abstract

Climate and land use change increasingly threaten the sustainability of food,
energy, and water (FEW) systems, particularly in agricultural regions where
resource competition is intense. Conventional assessments often emphasize
supply and demand, while overlooking the ecological functions that sustain
resilience. This study applies an ecosystem service (ES)-based framework to
evaluate FEW sustainability in the Zhuoshui watershed, Taiwan, under projected
climate and land use scenarios. Land-use change was simulated using a dynamic
allocation model, and the InVEST framework quantified key ES including water
yield, nutrient retention, and crop provisioning. Local Indicators of Spatial
Association (LISA) identified ES hotspots, while geographically weighted
regression (GWR) revealed spatial heterogeneity in the links between ES and FEW
sustainability. Findings indicate that conservation areas play a critical role in
securing water and regulating nutrient flows, with FEW sustainability hotspots
concentrated in regions of high ES provision. However, trade-offs emerged
between food production and regulating services in intensive farmland. This
research demonstrates the value of ecosystem services as integrative indicators
for FEW sustainability and underscores how spatially explicit modeling can guide
adaptive land-use planning. The work contributes to conference themes by
advancing ecosystem-based land management, identifying vulnerabilities in
critical agricultural lands, and presenting integrated modeling tools for

sustainable land-use planning.
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System Dynamics Modelin% of Agricultural Residues for Balancing
Land Sustainability and Energy: The Mekong Delta, Vietnam

Abstract

The Mekong Delta Region (MDR), often referred to as the “rice bowl” of
Vietnam, contributes more than 50% of the country’ s rice output (USDA FAS,
2018), but also generates an estimated 25-30 million tons of rice residues
annually. Currently, over 80% of these residues are either burned or left unused,
resulting in significant greenhouse gas emissions and missed opportunities for
renewable energy generation. At the same time, excessive removal of rice straw
risks accelerating the depletion of soil organic carbon (SOC), undermining long-
term soil fertility and ecosystem resilience. This study develops a System
Dynamics Model (SDM) to evaluate trade-offs between energy recovery and
sustainable land management in the MDR. Using seasonal production data,
residue-to-product ratio (RPR) estimates, and technology-specific conversion
efficiencies, the model simulates three recovery scenarios (20%, 40%, 60%) across
five energy pathways: direct combustion (Rankine), cofiring, gasification (ICE,
GT/CC), and anaerobic digestion (biogas). The model incorporates carbon
feedback through SOC stock—flow dynamics, accounting for decomposition rates,
stabilization fractions, and retention effects. Results show that energy potential is
most sensitive to RPR and lower heating value (LHV), while SOC loss is driven
primarily by decomposition rate (k_decomp). Tornado sensitivity analysis
highlights critical parameters, whereas trade-off simulations reveal that higher
collection rates (=60%) maximize electricity generation (>90 TWh over 3 years)
but significantly increase SOC depletion (>2%). Conversely, moderate recovery
(=40%) combined with advanced technologies (gasification—ICE/GTCC) delivers a
more balanced outcome, sustaining both energy gains and soil health. This poster
contributes to the conference sessions on sustainable land use and ecosystem
management and the development of modeling tools for land-use projects. By
integrating geospatial data, residue statistics, and dynamic simulation, it offers a
decision-support framework for policymakers to balance renewable energy
production with long-term soil sustainability. The findings provide actionable
insights for designing straw collection policies that reduce residue burning,
enhance energy security, and preserve ecosystem resilience in one of the world" s
most vulnerable agricultural regions.
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Author Chen-Wei, Ho

Data-driven Global Food System Transition Analysis: Reversibility
and Vulnerability

Abstract

Food security has become a critical concern closely tied to the Sustainable
Development Goals. Dominant development narratives often frame the nutrition
transition as a linear and inevitable process, while recent debates (Poulain, 2021)
emphasize an interactionist perspective, highlighting diverse regional contexts
and non-linear pathways. This study uses quantitative evidence to test whether
the global nutrition transition follows a linear development pathway as described
by Popkin’ s (2002) 5-stage progression. To address this question, we apply EEA
(1999) DPSIR framework to structure the analysis, linking socio-economic drivers
to the broader food system responses. We primarily test ten indicators to
characterize the current status of the global nutrition transition and to locate each
country or region along its developmental pathway. The indicators are derived
from harmonized datasets, including FAOSTAT food security indicators, WHO
mortality statistics, and World Bank socio-economic data. Indicators are derived
from harmonized datasets, including FAOSTAT, WHO, and the World Bank. The
dataset covers 112 countries between 2001 and 2019, yielding 2,063 country-year
observations. Four clusters were identified to capture both developmental stages
and fragile disruptions. The progression broadly follows a pathway from Cluster
3 to Cluster 2 and then to Cluster 1. Cluster 3 represents weaker economies with
low economic and energy requirements at early transition stages. Cluster 2
reflects fast-expanding economies, where GDP growth and urban agglomeration
are strong, and dietary diversification accelerates. Cluster 1 marks advanced
transitions, with higher energy requirements, reduced reliance on starchy staples,
and increases in obesity and NCD burdens. In contrast, Cluster 4 captures fragile
and non-linear outcomes, where countries disrupted by crises repeatedly regress
or stall. While most regions showed forward progression along the pathway,
fragile states such as Haiti, Venezuela, and South Sudan frequently entered
Cluster 4, often under conditions of conflict and external shocks. The primary
results confirm that the nutrition transition can be empirically mapped into
distinct developmental stages, and it is not universally progressive but
characterized by diverse, reversible, and fragile pathways. Future work will refine
indicator choices, incorporate land-use dimensions, and explicitly test the
interaction between external shocks (conflicts, disasters, price volatility) and
nutrition outcomes. This study situates the nutrition transition within its
interaction with land-related dynamics and broader systematic pressures, linking
it to related topics such as vulnerability, clustering of country pathways, and the
mapping of nutritional development pathways across space and time.
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An Integrated Framework for Evaluating Energy Use and
Greenhouse Gas Emissions in Agricultural Groundwater Irrigation

Abstract

Amid increasing concerns over climate change, this study examines the carbon
footprint of groundwater-based irrigation in Taiwan from 2000 to 2023. By
integrating national monitoring data on rainfall and groundwater levels, the study
interpolates spatial groundwater head to estimate pumping lift and energy use.
Using the CROPWAT model, crop evapotranspiration and irrigation demand were
calculated and combined with land use data to assess spatial variations in water
and energy needs. Groundwater extraction was further converted into carbon
emissions. Results indicate that during the 2020-2021 drought, reliance on
groundwater intensified, resulting in over 500,000 kWh of additional energy use
and more than 30,000 kg of CO, emissions compared to normal years. The
findings highlight the vulnerability of Taiwan' s agricultural sector to climate
extremes and underscore the importance of promoting energy-efficient
irrigation practices. This study provides a scientific foundation for developing
sustainable irrigation policies and enhancing resilience in the face of future

climate challenges.
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The Use of Trekking Poles and Trail Degradation in Sagarmatha
National Park, Nepal Himalaya

Abstract

The growing prevalence of trekking poles has prompted concerns regarding their
environmental impact, particularly in relation to trail erosion. Especially, the
uncapped (metal-tipped) poles are considered a potential trigger for the
acceleration of soil loss from bare trail surface. Sagarmatha National Park in
Nepal, the home to Mt. Everest is one of most popular destinations for trekkers
worldwide. Long-term in situ observations suggest that 20 years since the study
by Nepal and Nepal (2004), trekkers visiting the park have become more diverse,
and the number of pole users has increased. Therefore, the soil erosion related to
the use of trekking poles is likely to increase. This study aimed to understand the
ratio of visitors using trekking poles to those not using them within Sagarmatha
National Park, Nepal Himalaya, and examine the usability of smartphone-based
3D scanning for quantifying the influence of trekking poles on trail degradation,
which occurs on land surface used by humans and livestock. Visitors were divided
into two groups: those who did not use poles (non-pole users) and those who did
(including capped and uncapped pole users). We counted only the ascending
visitors at two fixed sites using automatic time-lapse cameras (2024) or by eye
(2022, 2023, 2024) between Namche Bazar and Gorakshep during the post-
monsoon season (October-December). An automatic time-lapse camera (Brinno
TLC200) was used to count the proportion of non-pole and pole users on the trail
near the Syangboche Air Strip from the morning to the evening of October 3-5,
2024.Three-dimensional mapping was conducted using an iPhone 14 Pro (LIDAR
sensor inserted). We used the 3D scanning app Scaniverse to scan the trail section
with remarkable pole impacts. The distribution of small holes formed on the trail
surface by the pole tips was identified and marked on the exported 3D model.
Our data reveal that 53.6% of visitors utilized trekking poles, with 59.2% of these
users employing uncapped poles. Our findings suggest that uncapped poles
generated numerous small holes on the trail surface, contributing to erosion,
especially following the monsoon season when the trail surface is loose. This
study underscores the necessity for improved trail management practices,
including the advocacy for capped poles, to mitigate further trail erosion. These
insights are vital for reconciling the ecological demands of increased foot traffic
with the nature and culture conservation of mountain landscape in the national
parks.
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Sustainability in Mountain Pastoral Landscape in the Nepal
Himalaya: An Example from Sagarmatha National Park

Abstract

The alpine landscape of the Nepal Himalaya encompasses glaciers, exposed
bedrock, and grasslands. Most grasslands are utilized for livestock grazing,
including yaks, cows, and their hybrids. This study aimed to investigate the
characteristics of mountain grazing land, or pastoral landscapes, and to explore
sustainability within these landscapes in Sagarmatha National Park, Nepal. This
park is a popular destination for international trekkers seeking to experience
Mount Everest. Pastoral landscapes in the Himalaya are integral to trekking
activities, akin to those in the Alps. In the alpine zone, pastoral landscapes are
characterized by grasslands on gentle to flat surfaces and micro-topographical
features, known as grazing terracettes, on steep slopes. Yaks and hybrids graze
on extensive grassland slopes at higher altitudes, primarily within the park's core
zone. Grazing terracettes contribute to slope stability when the livestock number
is maintained at the appropriate levels. These terracettes host diverse alpine flora
and offer trekkers significant experiences. Since around 1990, livestock grazing,
particularly of female yaks (naks), has declined in the park due to the trekking
tourism development and other factors. Pastoral landscapes deteriorate as
grazing decreases. In regions where the government has initiated milk
procurement and cheese production, such as Langtang National Park, increased
livestock number has led to shallow soil erosion, known as turf exfoliation. In the
absence of vehicle roads, a network of pedestrian trails exists on the pastoral
slopes. Residents have installed concrete/cement stairs and iron railings along the
main trails on pastoral slopes above 4,000 m. These concrete sections introduce

‘urban infrastructure’ to the alpine zone. In 2023, the Khumjung community
began managing eroded trails inappropriately, a situation arising from the
residents’ lack of understanding of the landscape value. Interview surveys
indicate that most livestock owners intend to cease pastoralism within their
generation because of a shortage of successors. However, their efforts to adapt
to these challenges are inadequate due to gaps in knowledge and resignation:
experience gained in mountain pastures such as the Alps and Japan will
undoubtedly prove useful in this park as well. This study concludes that urgent
discussions are necessary regarding new strategies to address the successor
shortage, recommending the adoption of solutions from other regions to
enhance the sustainability of pastoral landscapes. In other words, this study
contributes to the conference theme of enhancing sustainable land use by
livestock and grassland ecosystem management.
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Quantifying Agricultural Economic Losses of Drought in Taiwan for
Climate Adaptation

Abstract

Taiwan experienced a severe mega-drought in 2020-2021, highlighting the
urgent need for robust methods to assess and mitigate drought-induced
economic losses. Current damage statistics rely heavily on post-disaster surveys,
which are prone to delays and under-reporting, thereby limiting their utility for
timely decision-making. This study presents a quantitative and data-driven
framework for estimating agricultural economic losses from drought,
contributing directly to the conference session on Sustainable land use and
ecosystem management. We employ a Positive Mathematical Programming
(PMP) approach to calibrate crop production under water and land constraints,
using cost, price, soil, and crop water requirement data covering 74 crop types.
The model simulates yield and income losses under progressively restricted water
supply conditions, generating town-level loss functions. Results show crop-
specific response patterns: rice exhibits near-linear losses, betel nut is highly
sensitive at early stages, and tea demonstrates sharp late-stage losses. Regional
heterogeneity is evident, as variations in crop composition and water allocation
shape distinct vulnerability profiles. The findings provide a quantitative basis for
identifying thresholds where drought losses increase sharply, offering critical
insights for designing drought insurance, subsidy schemes, and adaptive water
management policies. This approach addresses the gap between reported
statistics and actual economic impacts, enabling faster, evidence-based
governance. Moreover, the framework sets the stage for cross-sector extensions
to industry and urban water use, aligning with the broader conference theme of
advancing modeling tools for land-use projects and enhancing resilience on
critical lands. By linking land use, water governance, and climate adaptation, this
research demonstrates how data-driven modeling can strengthen ecosystem
management and agricultural sustainability in the face of intensifying drought
risks.
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