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Duty of Notification or Announcement
according to Paragraph II of Article 34-1 of
the Land Act: Focus on Duty of Notification

before Majority Co-owners’ Sale

Chien-Chang Huang**

ABSTRACT

Duty of notification according to Paragraph II of Article 34-1 of the Land Act impacts
majority co-owners and other co-owners a lot. Existing viewpoints on the function and
timing of this duty of notification vary; whether this notification is the notification of a
right of first refusal is also unclear. The interests of the concerned parties and the result-
oriented mode of thinking are emphasized.

The reason for taking the duty of notification by majority co-owners as a mechanism
to protect other co-owners lies in ensuring that other co-owners do not lose the original
opportunity to be informed by notification and in considering high risks and potential
conflict of interests. Majority co-owners shall, within a reasonable period before selling
co-owned real estate, comply with the notification requirement as stipulated in Paragraph
IT of Article 34-1 of the Land Act. The function of the duty is to provide other co-owners
with the opportunity to express their opinions on matters such as the sale price or make
other arrangements in advance. To make the duty functional, the content of the notification
should at least include the object and price, that majority co-owners are willing to accept,
as well as the names of majority co-owners. Paragraph II of the said Article is not the
provision about the right of first refusal notification.

Keywords: Article 34-1 of the Land Act, majority co-owners, duty of notification,
lawful disposal of others’ property, duty of providing information, right
of first refusal

** Professor, Department of Real Estate and Built Environment, National Taipei University.
TEL: +886-2-86741111#67416, E-mail: clement@mail.ntpu.edu.tw.
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and prioritize public transit, but they usually face criticism for underutilization compared
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|. INTRODUCTION

In 2001, the number of motor vehicles in Taiwan amounted to a modest 5.7
million; by the end of 2023, it surged to nearly 8.6 million with a growth rate of 51%.
This escalation precipitated congestion on urban streets and contributed to recurrent
traffic gridlocks on freeways, particularly during weekday peak hours and extended
weekends. To provide reliable travel services, Taiwan’s Freeway Bureau implemented
several transportation demand management strategies to mitigate and distribute traffic
flow. Prominent methods include ramp metering, variable toll rates, and HOV lanes.
The domestic HOV regulations permit buses, taxis, and passenger cars carrying three or
more occupants (HOV 3+) to use these dedicated facilities. HOV 3+ control measures
are constantly enacted on Sunday afternoons at the northbound Freeway No. 5. A full-
time HOV lane, the first of its kind in Taiwan, has been designated in both directions of
the Wugu-Yangmei Viaduct of Freeway No. 1, also known as the Wu-Yang Viaduct HOV
lane since 2013.

Advocates posit that HOV lanes could stimulate carpooling and public transit,
thereby augmenting the efficiency of passenger transport and fostering environmental
sustainability. On the contrary, specific local stakeholders have voiced apprehensions
regarding the underutilization of HOV lane capacity, casting doubt on the waste of
freeway resources. For instance, a proposal against HOV lanes was initiated on the Public
Policy Network Participation Platform of the National Development Council (NDC,
2019); it suggested the removal of the Wu-Yang HOV lane, citing its low utilization
rate. Despite the proposal failing to secure approval within the stipulated 60-day period
and falling short of the endorsement threshold of 5,000 individuals, it underscored the
considerable variance in utilization rates between HOV and GP lanes.

In some foreign jurisdictions, freeway authorities routinely release traffic review
reports to assess the status of HOV lanes, determining whether they experience congestion
or insufficient usage. These reports serve as the basis for making dynamic adjustments to
HOV control measures. Unfortunately, there is a notable absence of publicly accessible
official analyses about HOV operations in Taiwan. Since the launch of the HOV lanes
on the Wu-Yang Viaduct, limited performance evaluation studies, if any, have been

conducted, leading to divergent opinions on the HOV’s effectiveness. The dearth of
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objective dialogues in citizen participation and the lack of theoretical underpinnings for
adjusting HOV controls contribute to the prevailing situation.

In light of the Freeway Bureau’s persistent endeavors to establish a mega-database
and conduct annual big data competitions to maximize the utility of open data, this study
seeks to explore the lacunae in freeway HOV operational issues through data mining. The
research objectives encompass comprehending the efficiency of HOV lanes relative to GP
lanes and developing a predictive model for freeway traffic to manage congested periods

and segments precisely.

[I. LITERATURE REVIEW

HOV facilities can be found in many urban areas worldwide, providing additional
choices for carpoolers and public transit riders through lane differentiation. An
examination of the decades-long evolution of U.S. HOV facilities reveals that the initial
purpose of HOV lanes was to encourage public transit; subsequently, access was extended
to high-occupancy passenger cars, aligning with the support of the U.S. Environmental
Protection Agency (Chung, 2008). In the Clean Air Act Amendments (CAAA), the U.S.
government officially announced that HOV lanes are among the 16 traffic management
measures with air pollution mitigation potential. The CAAA funds witnessed a substantial
growth period for U.S. HOV facilities in the 1990s (Cervero, 1999). Most U.S. HOV
lanes require a minimum of two occupants per vehicle (HOV 2+) to optimize lane
capacity. In instances where HOV 2+ lanes have residual capacity, some transform into
high-occupancy toll (HOT) lanes, allowing free access for HOVs and toll-based access
for non-HOVs.

In Taiwan, high-occupancy controls were first implemented on freeways during the
1994 Chinese New Year, with access limited to buses and HOV 4+ (Freeway Bureau,
1995). The access criteria were relaxed to HOV 3+ in 2003, a standard that remains in
effect for current high-occupancy controls. HOV lanes were proposed in 2006 during
the widening project of Freeway No. 1 from Yuanlin to Kaohsiung but did not work out
(Chung, 2008). The environmental authority conditionally approved the environmental

impact assessment for the Freeway No. 1 Wu-Yang Viaduct project in 2008, stipulating
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the retention of HOV lanes. These lanes constitute the only 24-hour HOV facilities within
Taiwan’s freeway network.

Comparing the development trajectories of HOV lanes in Taiwan and the U.S.
highlights the significant role of environmental departments. In the U.S., environmental
budgets guided highway projects to incorporate HOV facilities, resulting in an oversupply
that led to the transformation from public transit lanes to HOV 3+, HOV 2+, and even
HOT lanes, diluting the essence of sustainability, albeit HOT lanes are more financially
sustainable than HOV lanes since users pay a toll (Turnbull, 2005). On the other hand,
establishing freeway HOV lanes in Taiwan was the transportation authority’s passive
one-time response to environmental assessment requirements. Subsequent freeway
construction blueprints did not consider HOV lane options (Freeway Bureau, 2020).
Fortunately, the HOV 3+ threshold has been maintained, aligning with the initial intent of
enhancing passenger transport capacity.

The operational issues associated with HOV lanes can be categorized into two types.
The first type pertains to enforcement, involving road users’ adherence to occupancy
regulations and compliance with ingress/egress controls marked on HOV lanes. Previous
research has proposed strategies addressing enforcement training, engineering planning,
traffic management, violation penalties, and technological enforcement for the Wu-
Yang HOV lanes (Chung, 2010). The second type focuses on operational efficiency and
safety. One aspect delves into the weaving behavior of micro-level traffic flows entering
and exiting HOV lanes and whether it leads to bottlenecks and accidents. Albeit HOV
lanes were frequently associated with an adverse effect on road safety (Gitelman and
Doveh, 2023), empirical data and simulation analyses have not consistently supported the
arguments for capacity reduction and bottlenecks (Cassidy et al.; Menendez and Daganzo,
2007).

This study targets another aspect of efficiency that explores the macro-level
relationship between HOV and GP lanes, assessing whether HOV lanes provide incentives
for congestion-free and time-saving travel while maintaining optimal utilization. The U.S.
federal government specifies a rigid standard for HOV lanes, requiring that during a 180-
day investigation period, more than 90% of peak hours should have speeds exceeding
45 mph. Failure to meet this criterion is considered a service downgrade, prompting

remedial actions. States evaluate HOV operational performance based on this principle,
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representing an absolute standard for HOV lanes (CA DOT, 2022; WS DOT, 2024).
Additionally, California employs a relative standard, suggesting that HOV lanes should
save one minute of travel time per mile compared to GP lanes (CA DOT, 2020).

From the traffic volume perspective, the U.S. Transportation Research Board
(TRB, 1998) proposes a peak-hour lower limit threshold of 400-800 vehicles per hour
per lane vphpl) and an upper limit threshold of 1,200-1,500 vphpl. Subsequently, the
American Association of State Highway and Transportation Officials (AASHTO, 2004)
recommends a single upper limit threshold of 1,600 vphpl. California defines a reasonable
flow range for HOV lanes between 800 and 1,650 vphpl during peak hours (TRB, 2016),
corresponding to LOS B to C in the U.S. Highway Capacity Manual; this ensures that
HOV lanes do not operate at the low usage LOS A or fall into the gradually congested
LOS D, safeguarding priority for public transit and high-occupancy vehicles. From the
passenger throughput perspective, the essential requirement for HOV lanes compared
to GP lanes is to transport more passengers with fewer vehicles (TRB, 1998). California
explicitly suggests that HOV lanes should achieve a minimum threshold of 1,800 person
trips during peak hours (CA DOT, 2020).

Machine learning techniques represent a subset of artificial intelligence that has
recently gained widespread acceptance in traffic congestion prediction (Akhtar and
Moridpour, 2021). Deep learning, a specific branch of machine learning, employs neural
algorithms to achieve its objectives. In Taiwan, neural network methods are frequently
applied in transportation research for tasks such as classifying, optimizing, and predicting
traffic volumes and driver behavior (Wei and Chen, 2001). These algorithms construct an
artificial neural network by training extensive historical data. The artificial neural network
mimics the operations of the human neural network, featuring processing units capable
of accepting, integrating, processing, and transmitting information. These units are
interconnected to form a model, showcasing machine learning, exceptional recognition
capabilities, and distributed knowledge storage characteristics. Neural networks are
categorized into input, hidden, and output layers. While past limitations in computing
power restricted networks to a single hidden layer, contemporary conditions permit the

incorporation of multiple hidden layers, giving rise to the concept of deep learning.
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. METHODOLOGY

The literature review indicates that the performance of HOV lanes can be assessed
through absolute and relative indicators. The former entails establishing minimum
criteria for speed, vehicle volume, passenger volume, or LOS for HOV lanes, while the
latter focuses on ensuring speed or time-saving priority for HOV lanes compared to GP
lanes. In selecting indicators, careful consideration should be given to data availability
and subsequent applications’ convenience. Due to the absence of automated passenger
flow detectors and regular passenger flow surveys on Taiwan’s freeways, the evaluation
is initiated based on vehicle traffic data from the existing freeway database. This dataset
encompasses vehicle volume, speed, and road occupancy reported by vehicle detectors
(VDs). These data can contrast HOV and GP lanes under basic freeway segments with
LOS defined by the Highway Capacity Manual (HCM).

The interrelationships between HOV and GP lanes are classified into three categories
and six operational patterns, as depicted in Figure 1. This classification simultaneously
incorporates HOV absolute standards of LOS C or above and relative standards of LOS
not lower than GP lanes (Chung and Recker, 2009). The first category and pattern involve
no intervention measures, denoted as DN for “Do Nothing.” The LOS for both HOV
and GP lanes is not lower than C and D, respectively. The HOV lane’s performance is
equivalent to or slightly better than GP lanes, allowing both to operate smoothly without
additional traffic control measures. This situation most likely occurs during the off-peak

period.

HOV lanes
A B C D E F

LOS

LM-2

soue[ 4O

LM-1

oo g QW

Figure 1 Interrelationships between HOV and GP lanes
Source: Chung and Recker (2009)
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The second category requires adjustments to lane management measures, denoted
as LM. This adjustment becomes necessary when there is a notable disparity in the LOS
between HOV and GP lanes. The LM-1 pattern refers to situations where the HOV lane
exhibits significantly low usage and surplus capacity, with LOS superior to GP lanes by
at least three levels. In such cases, consideration should be given to reducing the vehicle
occupancy threshold, e.g., transitioning from HOV 3+ to HOV 2+ or relaxing ingress/
egress controls to divert GP lane traffic to the HOV lane. Conversely, the LM-2 pattern
occurs when the HOV lane experiences congestion, yet there is still surplus capacity on
the GP lanes. This scenario may arise due to a slow-moving vehicle impeding traffic in
the HOV lane or drivers mistakenly perceiving the HOV lane as less congested. If LM-2
persists, consideration should be given to raising the occupancy threshold, loosening
ingress/egress controls to redirect the HOV lane traffic to GP lanes, and enhancing real-
time traffic information dissemination for the HOV lane to avoid misperception. LM-1 or
LM-2 resulting from uneven lane usage is identified as lane management hot spots.

The third category represents scenarios where lane management measures are no
longer effective, denoted as MTLM for “More Than Lane Management.” The MTLM-1
pattern refers to both HOV and GP lanes being congested. The MTLM-2 pattern signifies
the congested HOV lane and nearly saturated GP lanes. The MTLM-3 pattern indicates
congested GP lanes and the nearly saturated HOV lane. In any MTLM scenarios,
exploring alternative traffic control measures (such as toll rate adjustments and ramp
metering) or engineering solutions (such as road widening) is recommended rather than
relying on lane management.

In the context of traffic forecasts, this study utilizes a multilayer perceptron (MLP)
to establish a deep learning framework. The MLP, a backpropagation neural network,
consists of feedforward and backpropagation stages. In the feedforward stage, input
vectors are introduced into the input layer, propagated through hidden layers in a
feedforward manner, and the network computes output values. Notably, the network
connection weights remain fixed during this stage. In the backpropagation stage, the
network connection weights are adjusted based on the error correction rule, aiming to
approach the desired output values. The error function for the ;" neuron in the output layer
is given by Eq. (1), and the sum of squared differences for the instantaneous values of

output layer neurons is expressed in Eq. (2). The network error originates from variance
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and bias, and model adjustments can be made by observing numerical trends. Here, C
represents a subset containing all neurons in the output layer, N is the number of input
training data, and the mean square error function is defined in Eq. (3). The batch learning
mean square error function E,, for the given training dataset serves as an efficiency
indicator for MLP learning to minimize E,,. Eq. (4) and Eq. (5) describe the output of
the /" neuron during the n" learning cycle. Similar to the least mean squares method, the
correction term in the backpropagation algorithm for connection weights is proportional
to the gradient estimate and can be adjusted using a learning rate parameter, as shown in
Eq. (6). Eq. (7) is applicable for the /" neuron in the output layer, while Eq. (8) applies if

the j" neuron is in a hidden layer.

€j(1) = dj(1) = Yj(M) oo (1)
E() = 2360 €2 (1) oo @)
D D 1 ) DO (3)
G D Y ¢y G I OO 4)
Vi() = @5V () e (5)
wii(n+ 1) = w;(n) + ndw; () = w;(M) + NGV (). (6)
§i(n) = (dj(m) = 0;(M)0;()(L = 0j(M)) ... (7)
6;(n) = (y;(n) = (1 = ¥ (1)) L S (MIWiej (1) ..., (8)
where

i, j, k: neuron indices.

n: number for the learning cycles.

e/(n): raw error signal for the 7" neuron in the n" learning cycle.

d(n): desired output for the 7" neuron in the n" learning cycle.

y{(n): actual output value for the 7" neuron in the n™ learning cycle. If the /" neuron is in
the output layer, it is represented as O/(n).

E(n): error based on the n" learning cycle.

E,: average squared error across all training samples.

w;(n): connection weight from the i" neuron to the ;" neuron in the n" learning cycle.

Aw;(n): correction term for the connection weight.

43



aEHsE S HEEE

vi(n): internal activation state of the 7" neuron in the n" learning cycle.

¢;: activation function for the 7" neuron.

0;: threshold for the 7" neuron.

n: learning rate parameter.

0,(n): backpropagation error signal for the 7" neuron in the n" learning cycle.

Due to its structure, the MLP method is classified as a deep learning technique.
Unlike traditional machine learning models, which typically have fewer layers and rely
on predefined features, deep learning models like the MLP automatically learn complex,
hierarchical patterns from data. In the context of this research, the MLP’s use of multiple
hidden layers enables it to effectively model non-linear relationships and predict freeway
traffic congestion with greater accuracy. This deep learning approach via backpropagation
minimizes error and allows for more robust and nuanced predictions. Upon establishing
the MLP model, accuracy training is performed using the backpropagation method. If
the error values of the predicted results fail to converge, updates are applied to the MLP
weights and biases. The training process iterates for 200 cycles, each batch containing
1,000 data points. The dataset is randomly partitioned into 80% for training data and 20%
for validation testing data to assess the model’s accuracy. Figure 2 depicts the MLP model

construction steps, including data process, analysis, and prediction.

IV. RESULTS AND DISCUSSION

1. Operational Performance Evaluation

The Wu-Yang Viaduct has connector ramps in Taishan and Zhungli to interchange
the surface section of Freeway No. 1. Additionally, the Wu-Yang Viaduct can connect
Freeway No. 2 via the Airport Interchange for traffic to and from Taoyuan International
Airport. The HOV lane is located on the innermost lane from Taishan to Neili and can
only be accessed at specific ingress/egress points, as shown in Figure 3. The study period
spans from January to September 2018, predating the onset of the COVID-19 pandemic
and avoiding the impact of unstable traffic factors because of the pandemic.

Based on the average daily traffic (ADT) announced by the Freeway Bureau for the
years 2023 and 2018, it is evident that the recent traffic volumes (2023) are close to those
during the study period (2018). On weekdays, there is a marginal ADT growth of 0.41%
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Figure 2 MLP model construction process for predictions of
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Figure 3 Wu-Yang Viaduct HOV lane schematic diagram

to 3.73%, while on weekends, there is a slight ADT decline of 0.73% to 4.12%, as shown
in Table 1.

This study used web crawlers to capture data from the Freeway Bureau’s traffic
database, including 77,090 5-min dynamic information VD files, 266 static information

VD files, and 255 road sectional static information files. Through the extract-transform-
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Table 1 Average daily traffic in 2018 and 2023 (veh/day)

Southbound Northbound
Taishan connector |  Airport IC — | Zhongli connector| Airport IC —
— Airport IC | Zhongli connector| — Airport IC | Taishan connector
2018 weekday 52,776 39,038 38,592 51,566
2018 weekend 61458 47452 46,217 58,689
2023 weekday 52,990 40,495 39,707 52,687
2023 weekend 58,924 46,082 45844 58,258
weekday % change 0.41% 3.73% 2.89% 2.17%
weekend % change -4.12% -2.89% -0.81% -0.73%

Source: Compiled from the Freeway Bureau (n.d.).

load (ETL) process, the data from the source end was extracted, transformed, and loaded
into a temporary storage destination. Subsequently, the three types of information files
were associated. Traffic data were collected by 9 VD sets for the southbound section
from 38k+079 to 57k+920 and 10 VD sets for the northbound section from 37k+685 to
56k+705. The data explored the relationship between HOV and GP lanes, with a total data
row count of over ten million during the nine months of the research period.

The results show that the bidirectional traffic was overall smooth on weekdays and
weekends. The southbound average speed of the innermost HOV lane was maintained
at 98-111 km/h with a density below 7 pcu/km/In, corresponding to LOS A; the average
speed of the middle and outer GP lanes was 93-107 km/h with a density below 14 pcu/
km/In, corresponding to LOS A and B. Northbound traffic was slightly higher, but the
HOV lane’s average speed could still be maintained at 93-107 km/h with a traffic density
below 11 pcu/km/In, ensuring a stable condition of LOS A; the average speed of the GP
lanes was 90-103 km/h with a density below 21 pcu/km/In, ensuring LOS no worse than
C. According to the relationship match between HOV and GP lanes in Figure 1, there
were no lane management hot spots for both northbound and southbound HOV sections at
various times of the day, indicating smooth lane operations.

One reason for no recurrent congestion is that the Wu-Yang Viaduct was planned
in the early 2000s to meet projected 2030 traffic demand; the feasibility study (Taiwan
Area National Freeway Bureau, 2005) anticipated it would maintain LOS D or better by
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2030, consistent with our current findings. However, with freeway traffic growing 1-2%
annually post-COVID-19 (Freeway Bureau, n.d.), the HOV lane may reach capacity
around 2033. Another contributing factor is the authority’s proactive management, which
monitors traffic and adjusts HOV lane ingress/egress points as needed (Freeway Bureau,
2018). To address potential underutilization during the early operational stage, Chung
(2009) suggests converting Wu-Yang HOV 3+ lanes into HOV 2+ or HOT lanes that
allow non-eligible vehicles to pay extra tolls.

On the other hand, consecutive holidays such as the Chinese New Year in February,
the Qingming Festival in April, the Dragon Boat Festival in June, and the Mid-Autumn
Festival may present different traffic patterns. These traditional festivals are moments of
family reunions, and significant traffic volumes are often experienced. For the consecutive
holidays in 2018, there were no lane management hot spots during the Lunar New Year
and Dragon Boat Festival. It is most likely because the Lunar New Year holidays lasted
six days, and people tended to spread their travels flexibly before or after the official
holiday period. The Dragon Boat Festival was only three days long, and family trips had
to consider children’s final exams or important school entrance exam dates in June and
early July. Since many people had already gone home for tomb-sweeping in April, the
2018 Dragon Boat Festival did not witness a significant traffic flow in the study area.

In contrast, during the consecutive holidays of the Qingming Festival and Mid-
Autumn Festival in 2018, there were a few periods and sections where LM-1 occurred,
indicating that the LOS of the HOV lane was significantly better than the GP lanes. In
specific instances, LM-1 hot spots were identified in the southbound morning hours from
7:10 to 8:30 on the Qingming Festival holidays before the end of the HOV lane at 55-
57k, as shown in Figure 4; sporadic occurrences of LM-1 hot spots were found during the
southbound afternoon hours from 16:00 to 17:00 on the Mid-Autumn Festival holidays,
as shown in Figure 5.

Figures 4 and 5 share a commonality in that LM-1 is more likely to occur at 55-57k.
Further examination of the viaduct configuration in Figure 2 reveals that this location
is downstream from the 52K airport interchange, where traffic from Freeway No. 2
merged into the Freeway No. 1 (Wu-Yang) viaduct heading south. Although a 1-km
length (53K+280~54K+280) is available for merging into the southbound HOV lane, this

location is less than 3 km from the end of the HOV lane. Road users were less willing to
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Figure 5 Lane management hot spots of the Mid-Autumn Festival southbound traffic

switch from the outermost GP lane to the innermost HOV lane, and at the 58k point, the
number of lanes was reduced from 3 to 2, causing congestion in the GP lanes due to lane
imbalance. In light of this, the Freeway Bureau may consider removing the southbound
HOV lane south of the airport interchange to utilize the lane capacity fully for all traffic.
Alternatively, the entrance to the HOV lane could be extended from 53k+280 to the end
at 56k+920, allowing eligible vehicles to gradually switch from the GP lanes to the HOV

lane with less urgency.
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2. Performance Prediction

Due to the distinct traffic characteristics during consecutive holidays compared to
regular days, it is prone to lane management hot spots; this issue has received particular
attention from the Freeway Bureau, which held a series of panel discussions. This study
further analyzes traffic during consecutive holidays, incorporating temperature and
rainfall data in response to the HCM’s indication that climate factors could affect traffic
flow. A deep learning model was constructed based on historical data from 2018 to
predict congestion on the Wu-Yang HOV section during consecutive holidays in 2019.
It involved a multilayer perceptron model architecture, as shown in Figure 6. The input
layer includes variables such as the hour of the day, day of the week, consecutive holiday
type, day of the consecutive holidays, post-km of VD, access control (no entry or exit,
HOV entry only, and HOV exit only), lane number, temperature, and rainfall. The study
established 2-3 hidden layers, with three proposed configurations: Alternative 1 with
two hidden layers, each with 500 neurons; Alternative 2 with two hidden layers, each

with 100 neurons; Alternative 3 with three hidden layers, each with 100 neurons. During
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Figure 6 MLP model architecture
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each training iteration, randomness in the neural network dropped 50% of the neurons
to prevent overfitting. The output layer includes traffic volume, occupancy, and speed
variables. The tuning of network parameters, such as learning rate and the number of
epochs, was based on iterative cross-validation.

Two common indicators are used to evaluate the model’s effectiveness: accuracy
and the mean absolute percentage error (MAPE). The accuracy indicator measures the
proportion of predictions that match the actual results and is calculated by dividing the
number of correct predictions by the total number of predictions, as shown in Eq. (9).
This metric provides a straightforward measure of how often the model’s predictions
are correct. On the other hand, MAPE assesses the model’s accuracy by calculating the
percentage difference between the actual and predicted values. It involves computing the
difference between the actual value and the predicted value for each observation, taking
the absolute value of each of these differences to avoid negative values canceling out
positive ones, and then calculating the average of these absolute percentage differences
across all observations, as shown in Eq. (10). MAPE provides a relative measure of
prediction accuracy, which can be especially useful when comparing models or assessing
performance across different scales or datasets. MAPE values can be categorized into four
levels: less than 10% for highly accurate predictions, 10-20% for excellent predictions, 20-

50% for reasonable predictions, and over 50% for inaccurate predictions (Lewis, 1982).

TP+ TN
TPE TNE FPE FIN oreeesesestse st st s 9

Accuracy =
where
TP: true positive prediction
TN: true negative prediction
FP: false positive prediction
FN: false negative prediction

Xn_ }?Tl

1
MAPE = 30, |-

where
X,,: the actual value of the n" data
X, the estimated value of the n" data

N: the number of data
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The prediction results indicated that the model achieved an accuracy greater than
90% across all three alternatives, suggesting that the predicted lane management outcomes
aligned closely with the actual results. The MAPE indicator for the three alternatives was
around 39%, indicating reasonable forecasting accuracy, as shown in Table 2. Overall, the

MLP model effectively predicted freeway traffic patterns during consecutive holidays.

Table 2 The effectiveness of model prediction

Alt. | No. of hidden layers | No. of neural | Training data size | Testing data size | MAPE (%)
1 2 500 226,799 56,310 39.03%
2 2 100 226,459 56,650 39.26%

3 3 100 226,395 56,714 39.35%

3. Development of a Sound Carpooling Scheme

The study results indicate that the current Freeway No. 1 HOV lanes are reliable
(LOS C or above) and fast (vehicles can maintain the speed limit of 100 km/h). However,
this has raised concerns regarding the underutilization of HOV lane resources (NDC,
2019). Addressing the issue necessitates the creation of a robust environment for HOV
(carpooling) to attract more people to use carpooling for their travels. Specifically, some
aspects need to be considered to enhance the utilization rate of HOV lanes.

Firstly, land use and transportation are deeply intertwined in a dynamic feedback
loop. The availability and design of transportation infrastructure, such as freeways and
HOV lanes, significantly shape urban development patterns. Conversely, land-use policies,
including zoning and urban density regulations, affect transportation demand by dictating
travel distances and traffic flows. In the case of the Wu-Yang Viaduct, the strategic
placement of HOV lanes aims to offer sustainable commuting options such as carpooling
and public transit. The success of these lanes also depends on the land use patterns:
high-density commercial, industrial, and residential areas along the HOV corridor could
form the basis of potential carpooling. Transportation planning must account for traffic
management and the broader urban land-use context, as this can improve the efficiency of
HOV lanes and better align freeway infrastructure with sustainable development goals.

Secondly, freeway HOV lanes are primarily used by medium- to long-distance

commuting trips; therefore, employers’ attitudes toward employee carpooling will be
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crucial. The Xizhi, Nangang, and Neihu areas in eastern Taipei have formed a high-
tech corridor, which suffers from severe recurrent traffic congestion during peak hours.
The former mayor of Taipei even publicly stated that there is no solution for traffic
improvement in the Neihu Technology Park. Guided by the environment, social, and
governance (ESG) trend, many enterprises along the high-tech corridor are beginning to
explore feasible corporate social responsibility (CSR) measures. Employee carpooling can
reduce single-occupancy vehicles, further alleviating road traffic volume, and is regarded
as a sustainable ESG strategy (Imperial College London, 2020). If employers can actively
encourage employee carpooling and emulate guarantee ride-home programs to remedy the
absence of temporary carpool partners, it will enhance employees’ willingness to carpool.

Thirdly, transportation authorities lack an integrated shared transportation policy,
which includes shared bicycles, motorcycles, cars, and ride-sharing (carpooling). Local
governments in Taiwan often focus mainly on shared bicycles (YouBike), with some
cities introducing shared motorcycles and cars. In contrast, transportation authorities
do not actively promote ride-sharing. In New Taipei City, for instance, carpooling is
advocated by the Environmental Protection Bureau via a carpooling information website
simply because carpooling has some environmental protection implications. Essentially,
carpooling is a part of the transportation system. The transportation departments should
play a leading role, engage in extensive discussions on carpooling policies, clarify the
positions of various shared transportation modes, and continuously plan HOV lanes and
park-and-ride facilities for building a carpooling-friendly environment. In addition, the
governmental endorsement of carpooling with auditing mechanisms could mitigate the
perceived risk of sharing a ride with strangers, which is a primary barrier to carpooling
(Créno and Cahour, 2024).

Fourthly, the use of technological tools is crucial. Carpool matching was done
manually in the early days when technology was underdeveloped. Nowadays, with the
advancement of information and communication technology infrastructure, taxi-pooling
like UberX Share is available and well received in many cities such as New York, Los
Angeles, Chicago, and San Francisco; it allows riders to share trips with others headed
in the same direction, offering a more affordable option with up to a 20% discount on
fares (Engadget, 2022). This service demonstrates that real-time and efficient matching

technology has matured for taxi-pooling and potentially for carpooling. Although Uber
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in Taiwan does not yet offer taxi-pooling features, the Ministry of Transportation and
Communications (MOTC) can guide Uber or other companies in promoting taxi- or
carpooling. The MOTC’s mobility as a service (MaaS) project, Umaji, also includes
developing a reserved carpool pickup platform module. Users are more likely to adopt
tech-based carpooling if it is perceived as reliable and easy to understand (Créno and
Cahour, 2024). A sound HOV scheme can thus be established through a combined effort
of enterprises, government, and technology.

Last but not least, transportation pricing is a key component of traffic management
aimed at reducing congestion. Current regulations cap freeway tolls at twice the standard
rate. The Freeway Bureau implements various tolling strategies during consecutive
holidays, such as canceling the 20-km free toll, offering an 80% discount on Freeway
No. 3 to divert traffic from the more congested Freeway No. 1 spatially, and suspending
tolls at midnight to temporally shift traffic away from daytime hours. Potential toll
modifications for HOV lanes include raising GP lane tolls, reducing HOV lane tolls,
or simultaneously increasing GP tolls and reducing HOV tolls, with the latter having
the most significant impact on HOV lanes. In extreme cases, doubling GP tolls while
making HOV lanes free could save drivers NT$46 on the current 19-km HOV stretch,
encouraging carpooling and boosting overall freeway passenger throughput. Nonetheless,
this may result in congestion in the HOV lanes and create an LM-2 situation. Therefore,
careful toll adjustments are necessary to maintain efficient operations, ideally LOS C for

HOV lanes and LOS D for GP lanes.

V. CONCLUSIONS

Taiwan inaugurated the first freeway HOV lane in 2013 upon opening the Wu-
Yang viaduct. There has been no comprehensive literature regarding the operational
performance assessment of the Wu-Yang HOV lane since its inception. This study
addresses this gap by leveraging nine months of traffic data from 19 VD sets. The
investigation focuses on the approximately 20-km stretch to explore the mutual
relationship between the HOV and GP lanes. The findings reveal that, even during peak
weekdays and weekends, the HOV lane could generally be maintained at LOS C or
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above, while the GP lanes at LOS D or above. The travel speed on the HOV lane is, to
some extent, higher than that on the GP lanes. It thus incentivizes road users to opt for the
HOV lane and aligns with the ideal conditions for HOV lane deployment.

However, a distinct pattern emerged during consecutive holidays. The freeway
viaduct segment south of the Airport Interchange experienced lower utilization of the
southbound HOV lane, while the GP lanes faced excessive congestion. This imbalance
suggests that the current configuration of the HOV lane may not be optimal during
high-traffic holiday periods. The study proposes two potential solutions to mitigate
the problem. One is to extend the HOV ingress/egress section, allowing vehicles more
flexibility to enter or exit the HOV lane, potentially improving its utilization and overall
traffic flow. The other is to remove the southbound HOV lane south of the Airport
Interchange; it could release the surplus capacity of the HOV lane and allow all vehicles
to use the additional lane space, thereby reducing congestion in the GP lanes.

For traffic predictions of consecutive holidays within the research scope, the MLP
model demonstrated reasonable results based on the accuracy and MAPE indicators. The
study recommends more consecutive holiday data for prediction to enhance efficiency and
accuracy. Meanwhile, the MOTC and the Freeway Bureau have made a significant amount
of transportation data accessible to the public—nonetheless, differences in data fields and
file storage formats present challenges that hinder the effective use of data for analysis
and decision-making. The study suggests that MOTC’s dedicated unit, the Transport
Data eXchange (TDX) platform, should integrate pre-processed freeway ETC and VD
data to overcome the challenges mentioned above. This integration would improve data
readiness, attracting more academic and private research work on the government’s open
data. It could bring significant benefits, such as improved traffic management strategies

and enhanced transportation planning.
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in the Liouguei Area Using Satellite Imagery
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ABSTRACT

The purpose of this study is to utilize multi-temporal satellite imagery, combined
with Object-Based methods and Support Vector Machine (SVM) classification techniques,
along with landscape metrics, to monitor landslide dynamics in the Liouguei Experimental
Forest from before Typhoon Morakot up until 2024. Additionally, the study aims to further
apply logistic regression for predicting landslide susceptibility. The results showed that
the landslide area increased sharply from 111.9 hectares in August 2009 to 748 hectares,
then gradually decreased to 230.46 hectares by 2024. The landscape fragmentation
and complexity also gradually decreased over time after the disaster, indicating that
the landscape structure is slowly recovering to a more intact and continuous state. The
analysis of new landslides between 2011 and 2024 revealed fluctuations, with a significant
peak in 2013, when the new landslide area reached 253 hectares, corresponding to several
major heavy rainfall events that year. Logistic regression analysis identified elevation,
slope, distance to rivers, and aspect as key factors influencing landslide susceptibility,
with distance to rivers and slope having the most significant impact. Model performance
evaluation showed an AUC value of 0.704 and an overall accuracy of 64.2%, indicating
that the model has some reference value for landslide susceptibility prediction. Overall,
this study demonstrates the use of Al-based classification methods to quantify time-
series landslide data, providing valuable information and technical references for long-
term landslide monitoring and offering critical scientific support for regional disaster

prevention and mitigation strategies.
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#{t. (Narmada et al., 2021) ° FFZAHSEEA At SRR B It SRt Ay 8L -
JCHAERRAE A L R PR P 3R EFIRYYE ) (Cushman et al., 2017; Fynn
and Campbell, 2018; Talukdar et al., 2021; Arora et al., 2021 ) o Kb AR ZE 5
i S FEAR B AR - DA At SR A IRF ] L Rvetadt - UG BT e IR AN
BPEARTYF R - MR B E  HARM SR IR R R E i g - Rse
RERE FH I i PR 5 T g b bt B ER B S I BR 1%+ B AR AR R -
VL HEREER BRI TR AY -

f AT - ARFE BN © (1) FIR# 2R 2GRS SIS ES VM oy
R AN BB SIS F AR 5 (2) Ko RIBE T AE T RIHERE
L (3) EREERESATHIRAY - FEELe HAR - HIREHE A SURRE Ay e tg
JRBRAE /S BEME R IS BIRINTSE - R tHaZ W il KR e 255 -

— HEAE

(—) FARERK

AW FE LAMRSE R B P s /N SRS R W ST i (1) - AR AL A 20
ARESFES - R LR - s LARPE L PR BEAERAY19.5 km > BRPEEKY
13.0 km ° MEIFHREE 250 ~ 2,600 mit] - {IAZERIRTIE - HE SRR
JERMERIL - SIEAHZE2,000 mPL_E > 1T EE ARGy S AL = e i skl o HER
T S AL A AR B E MR LR RS W+ P S PG e e R R 2 - P R AR
Ty B LR St s AR PR RE - P 2rEdEER - 2@ AEIFER9,882 ha » H A RN
FIEi83% » AN THARKING15% » HAhFIE2% (MOCE » 2012) -
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w<¢>5
| Z
& S
| £
S
| 7
<
B4
7 TR
Gl EXLE N
[ T )
120°E 121°E 122°E [0 #k3e

012 4

8
Kilometers

I SRR E

(=) s RAMH

AWHFERTE B EEZM R R Z I R B - HEF M & R R
WFFEn F E HRY S A R G R B R - AR e g ] - DUE
ITRAERIARRE B T - BLAN - TERRERTEEA ST T T RO RS S - FERA N
PR EI PR HEEY20 104 1m X ImAYEUE = 2B (digital elevation model, DEM )
B K HIZE R N GISIEAE -

(=) 54

ARWFERIE G BT E BN S R 2 o Ml & S VM ee B2 41 40 5
% WL R T - FrfE M EZE T H BEcognitiontk#8 » &bl
T E Sy R W@ (BIYE) o 8% 1t 25 MU0 Ry FR g . ~
PREEM ~ FHAE KPS DU - IRBEANEIRERERHERTAIREE A - WAS SR
B EE 2 I TS VM 3 JEERHVFI R AL . - SRR 2 B BAEALE (R) ~ #%
ot (G) ~EDE (B) ~TfLAh (NIR) BB SR REILAZ 2IHAFEE (normalized
difference vegetation index, NDVI) » AFANX (1) - BLE28E R A R0
R R RIRFIR - 2 R S I T A o IAE AR B At & ] - 258
G R ERE A RS » B DU R 20° R IR AE. - B B BT & 53 -
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aEHsE S HEEE

®1 AL RATERE A A

fasE H I [N ZS B FEERT RS
2009/05/09 FORMOSAT-2 4 2m (PAN) > 8m (XS)
2009/08/19 FORMOSAT-2 4 2m (PAN) ~8m (XS)
2011/08/17 FORMOSAT-2 4 2m (PAN) ~8m (XS)
2013/07/03 SPOT6 4 1.5m (PAN) -~ 6m (XS)
2015/04/14 SPOT6 4 1.5m (PAN) -~ 6m (XS)
2017/11/17 SPOT6 4 1.5m (PAN) -~ 6m (XS)
2019/12/11 SPOT6 4 1.5m (PAN) ~6m (XS)
2021/02/02 SPOT7 4 1.5m (PAN) -~ 6m (XS)
2023/01/15 SPOT6 4 1.5m (PAN) -~ 6m (XS)
2024/01/03 SPOT6 4 1.5m (PAN) -~ 6m (XS)
NDVI = (NIR = R) / (NIR + R) .o (1)

NIR Ryilr AL MR » RESHLEE: -

Ry 1 A 3 RERS SR AHERE T - AIFZEEH S 10fERF IR i B g G - s B0
1, 0001EFEHE T AR ELBE - FIFIMURCFIRE 7% - AR e B e R 4 F B .
o7 R - BLEE G s B AR A 25 IR S T M R T PR o AT - B
AT BRSRARERERS B K Kappafl (202X (2) )+ DIGFZRERYRGEE » KappalTid
012 » KappalEiKRIFRR /- FAHERE R Bl -

N Y Xii=Xiny (Xie*X i)
T 7 0, T T R (2)
n Ry o BRI H B Xl FEE B R Y S S BRBE O E - Xy, Xy Ry EE

Perb il B 255 Z BB - N R iR -

(w) B3RE e

ARSI ArcGIS Pro#i i i 20 HEHH - 3t 7 25 700 ] %) o B st B 1 T B
SR DARAL Rz bR -
1. BHERIE

B (100 T M A T R A S A+ GRS SEIRF SRR 2 i [ T T
TR - R R - SR A E— SRR - RE R IR Tt
HIUEHIRREE B - SRR T/ ay 1 3 7 i -

[oN
[\



TRARY ~ BIEESC  ARERR ~ BEERR ¢ SEFIR R G T SR st R B B AR AT

2. FHIBMERMEL R
{5 AL ArCGISHYZE ST T EL + BHFAIGRIN i+ M A A T M R
el - E R SR LR R MR TR - 7T 5 B e
{5 -
3. FHRHRIB I
D SR AR 2 522009468 F 10 FI OB » F A oty - Mo T A5 B B
SEAROR » WLULIER » 3TN A S BT TR - DL BRI
FRFEHIR T HRIN B AR <

(2 ) ®x454#F (Landscape Metrics )

R PR S oo e AN SR A B AR R AR RE R SR A R 52 282 - R 2 (e RS
LR K R A st RS R RV R - AR SEER R st S A et S s i n A e T
AT o WS ELERER T RESI R A R MR iy S g e - B SRR
REENGZEZFF ER SR - 20@E¥E%H (number of patches, NP) FIZiGEE

(edge density, ED) ; REGIRFHEAEBUEIR$E2 (1landscape shape index, LSI)
DURHEAERE (PAFRAC) + AAERBREEFI R TER (CONTAG) T4t
¥ (SPLIT) %5 (£2) - i HFragstatsfKA8ETH B Ag R 51T - SREFAS HAER
MR SRS R BN S E -

() FRBAZ S
1. B E R EY
(1) BERIEE

ZEHIAMSE (Dang et al., 2020; Sevgen et al., 2019; Nhu et al., 2020) » AHF
FEAEEAUENR A - AL T AR ~ PRI~ B~ PR RS (topographic wetness
index, TWI) ~ 3EUR5REETEEL (stream power index, SPI) ~ Hi=& - SEHHHR ~ EH
1= e BT SE PR FTRE S R AR RS A B - AR ST A -GS L A
BRI HAE P A K SCB) ) B R S AR A A HOTBHE P 2 » IR S B Rk
T3 -

M AHBAZ 8 - 20 A EECRIE AERY20105: 1 m X 1 mfEHT REFYDEME AL
FTEATS - RS - BE - g~ dhER s PR ~ Bl - P RETE R
FOE T EHE -
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EiE LT

FoHEEE M

K2 RBFRATAL A Z TR

HiseEiE | W5 NG it
5 e NP NP =N N = E
BREY ED ED = 2(10000) E = ifiEE%RE (m)
A= HiSHERHE (m')
mEBUDINERE  LSI LSI=% E = MfiiEHRE (m)
A= AR (m*)
WEIEHEE | PAFRAC| ™™ a; = HiBRijiEE (m’)
_ [Nz:ziz,"ﬂ(znm,—tnat,)]f[(2211,zzzlanp‘,)(z:z,E;L,zna.,)] py = AR (m)
WS e, (10) — (U D Inpy)
N =S
RIS |CONTAG| ™™ p =Rl L
BBt il il P gikzlﬁﬁikiﬁﬂﬁﬁﬁﬁlmﬁ B
%+ feddouble-count S5
m = B
STBERERIS | SPLIT SPLIT — W a; = HiBRijifitE (m')
e A= HSHERRE (m’)
k3 ¥ TARIBLAE F 8 R
AR 5 ¢ S/
[ DEM 201022 HOLE RIS
B SP 20104 ZEHO B RHR TS
(e AP 20104 ZEHO B RHR TS
H RS RS TWI 20104 ZEHOEE RS
SRR PR SPI 201022 E REKIS
S CUE 20104228 E RS
SR PFE 201022 #H &R RS
RS PCE 20104E 22 OB R RIS
S IBENE i DR AKFIZ )1 6] R HE AL S
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a. MRS TRRGTE

M REFRE (TWI) RHEtRK T BEERE R EEEE - A== (3)
iR

TWI =10 (A 7 EA0(B)) v e e seaeee (3)

AR AT RN LIFEKEE (ha) » B2 InE HIAREE -

TWIn] DUE Wit 2 BRisthl@ 7k et - TWIRVERS » AR BRIk 53 5
LR -

b ETRRE R EET

TirREEFEE (SPI) M E/KTiEENE ST » HAKA (4) Fiox :

SPI =A X AN+ttt (4)

AR A (ha) - B2 - tan(B)FRIEEIVIEYNE -

SPIRYEBS) » FRaZ BRI /KR BB JTEK » L ERE R AR IRE) )T -
AIREE RIS E R U -

c. BEyE PR T

B 7 AR BL B B R o SR KRR AR ) TGS Ay B A VE s 32
PIEORRIE - FR R A B & I M E R 22 AR - RN E R AT IR RE ST R
WhFE R R N 122 853 A+ SS9ME s AR Ty NI LY 8L - I —pF 3
&)1 |GISIERE » SR P ArcGIS ProfNEARIHEE » EHE ke BE B i )3
FLBE TR B -

(2) AU BB
a. BEERA AT -

Tt 0 A R1E B TR iy B AL AR AR 2 e AR (Multicollinearity )
HIRTRE » ARSI TS T 1 A A » 2 S0 ) R AR AR 2 FH A 3 AT 2k |
AR5 IR R BB - WOR IO TR HRRR - FE IR AT E B R AR
ZAHRA PR BOE R S0HE0.7 » R4 B B IR AR - DU CRAS Y AR e TR e
77 (Guo et al., 2016; Milanovié et al., 2020; Sahani et al., 2021 ) -

b XS EOKIE T

AWFFEER A #EREEE (Logistic Regression) J7iE¥ — O BGHT FHEF T -
I T P FHIIRE A & R RO TR Y » TEIXI%# %) (Dependent Variable ) Fy 7T
IR AT FHI R R R AR AUER G fRRE TR B B 18 F 2% (Independent
Variable ) Z[HfUEATR (Saha et al., 2020) - #@fREEAKAX (5)  BIEEA4R
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aEHsE S HEEE

A S R B AR R A AR R R AR - B EOREEREF(x) - WE AT (6) HisElH
{EF(x) A BRI A BRp - DIARBFR AR TTEENE:

F(x)=In(p/ (1—p)) = Po+ PiX| o uXy coreereererremeieieeeenenieeeeeeseseseeeeeeenes (5)

HX R HBYMES » KRR BB R ENRE - phER AR
H o p /(1 —pyE L ERE R A LLeiiB L - OB A AP RBLR 2 ARt Ry
EEAE » In(p / (1 —p) FeB AR Ll EARESEY -

P=€F(X) /(1 + @F(X)) cerrerereeeeeeeeeeeeeeeeeeee e (6)

Hrhp R AR » e FOORRISREL » RIS A IBSRBUR B A R
HIERAE -

ABFZE G R B E 7% 5 TR HRER A B st R i T/ RRE - Horh - JRgREEHAR
AIFE H 20094F-8 H B b e E\ 1% 22 20244 HAR - REFEFRIBIVER © [T FRig e
HIFE H 200948 H $% 5L h7 volie Ji 1% 22 20 244F [#T 8 AR IR I - BRI —Jo /0 SR E
G YRR FUE AR 003 AR Bl - MBI T RN RIS SATHREI AT -

o fe BB I B Y » ARIFSR 1T Ay SR A o (2] B A 22 H 2% 10,000 11
AFREEA » H:3120,0001EFAEI TRIAFIR o FEEf TR T L/ - Sl B 8 E5E
TTE R —LEH - DUHRRS S I R 72252 - AR R R B A R0M Hhi A
[ FE S 2
2. 1REYEREE

FEERH 7 =FEREREAL T ¢ MERERERTAY ~ BRICE R ERAMERIAR (receiver
operating characteristic curve, ROC) 4347 » LIS %R NS (area under the curve,
AUC) RIS -

(1) MEREREEEAL

HETE R 2 H Al R S AL TR AU B RS MR R B T 575 (Wang et al., 2019;
Sevgen et al., 2019; Kuradusenge et al., 2020 ) ° FEEEE FREA{FEEEAR LY
TEHETEE L BIAR R AL R B B REHE R P« ANBIFFE 32N 0, 00018 B 38 bR A HE 1 TS Y
FPAd o

(2) ROCHH#RSHT

ROC &l R E-A5 /- B AU PR RERVIEE T B - @@ RIBE=RE(E M g5
J&M: (True Positive Rate ) EFFFE14: (1-False Positive Rate) * ROCHH#RIEHE T —F&
A AR R T B 40 ERE ST - ARIBRTAWISE (Wang et al., 2019; Ozkan et al.,
2022; Nafouanti et al., 2021; Sevgen et al., 2019; Nhu et al., 2020 ) * ROCHH#F I & El
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AUC—Effi F » DL bR HIHIRET T -
(3) AUCHI=

AUCHEZROCHIHR PRV » FRFHAS ARV EES TERE - AUCIHEIEITE0F]
1> HPAUCHBLE » Fo B S MREBdT (Kuradusenge et al., 2020; Nhu et
al., 2020) - HEEKEHL - AUC = 0.5 » RoRBEARZEEAIEES] » AUC = 05-0.7 » &
TR B AMEREERTT 5 AUC =0.70.8 @ Tl G rH2i#E51 7 5 AUC =08-
09 » FERERIEAE RAERTT : AUC > 09 » FoRER EAREEEER T (Milanovié
etal.,,2020) -

(=) BHEraER

AR YIS R DT EEFIS VM B 73 » $H1E20094E5 H ~ 200948 H ~
2011 ~ 2013 ~ 2015 ~ 2017 ~ 2019 ~ 2021 ~ 2023 F220244F 101 FRF EAR 7 2 s 45817+
M4 - WE AR ~ FEAE - B RS VU - S SERRS RANE 2R - H
rhkEAERIEA: - ALOARAEM - O RRRE M - REAERRE - EETHTE
BIE D T i mnEREEME - FE 2 AR A R s A -

2009/05

2009/08 2011 2013 2015 A

Legend

| __EEd

.
AR

| P2

o 5,500 11.000 22,000 Meters
' ' |

B2 NBRABIKSHFFLEZD
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aEHsE S HEEE

Bh o e R B A 1% - NSREABE M AR B 0 » Hoo AT - (HEEF R A
RS > BRI © 55— 71 - B2 IMARAE20 174 22202455 2 - S5 R 20
Fo 7N W EER G - AT BRI 2R ER S - R -

RGN 0001 FER T (b tsRs - A5 0BG RAYV SIS L Bl appa
{H - FERAFAFTR - fERPAIE L - BERETER0% - BUR/ M RES S
FEYEERS - BESL > KappalB/Eiit0.8 - (AR IBAKRERLY - (ELEAERE 7Y
PEIAIAS S VMR /51 - AERE i g o T RIMR R S G - BRIk
EAYEREDE

R4 A RS 1K appafi

year HERORE Kappa
2009/05 97.90% 0.95
2009/08 98.20% 0.97
2011 94% 091
2013 96.40% 0.94
2015 92.10% 0.89
2017 98.10% 0.97
2019 97.90% 0.97
2021 91.40% 0.88
2023 97.50% 0.96
2024 99% 0.98

(=) MBS o

T G R R S L S I R B B TS i 2 - AESEE AT TR
RIS ] - 7 2 W e s B T — DR - R BRI 101 - i
[ R B WA (03 ) - SEAE L SERE 1 Feh e o e g S f T B oA -
DU 2 W P R SR s Bl A A — 3500

BB - s SR o AWFFEH S T R A - MR T R S
AR L (FE4) o fEHE ] DL S i S T R 1 58 B PR R P B e s L 1
Bl o 200945 H 22200948 H AR » At mifE1E111.9 ha BB N2E748 ha » KIE T
SR e ie BRI RSN » 3EER T /NSRBI R HY K » iR a 765 -
I AE20095-8 HE20114E » ARIFMIMAEGFT NRE » iKZ2463.489 ha » Z BT
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2009/08

0 5,500 11,000 22,000 Meters

B3 Ry BMERRIZEFLEEN

800.0
700.0
600.0

~500.0

400.0

HmaEf (h

300.0

200.0

100.0

2009/5 2009/8 2011 = 2013 2015 2017 2019 = 2021 2023 = 2024
—area 1119 7480 4635 4719 4731 3573 2437 2359 2339 2305

B4 % k5530 A S Abdr 4L

AR EAEE » 5471.9 ha®2473.1 ha [EJ3E) - HEH20174E5845 » FiEthimtE 2
TRFHE MRS > 13573 halfE 22 20244F119230.5 ha °

e HR R R AT 0y > ARBIFSELL200945E8 H 19 H BERT 0 G £4 11 i Sl s Bk
HRERL » 387201 1422 20244F [ S IR ST IS H Ht st IR - A SIS P 5 0 B o
pmta R bE (AnEs) o fEEHP AT LIE L - 20115 AR A % 588 ha » {HF]
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300

250

200

150

H3m@A (ha)

100

50

2011 2013 2015 2017 2019 2021 2023 2024
——area 88 253 244.1 178 1279 119 126.9 157.5

BS5 %0553 0 e @At s 8

20134F » FriupE ST SR » 7688 hal¥ %253 ha - ;5EH20134F 23 RSN
HOF - ANERJ RGN ~ TESERER,  FRPSRE EURIK S e EAHTT o BETR - 2015408 E R
Z2244.1 ha » WAF2019438 258/ £ 127.9 ha » BUREHBTEERZ MR - SRif - 17
2023420244 » FREFHIEAE TR _EFFZE157.5 ha » 58 EI20224F R /RF RIS FIE &
22023409/ VR EGE R 5 2AH — B R E A AR S 2 B E) -

(=) HFHAZEI>H

FIFFragstats®CEEHE T 1040 RFHANY R 2 A 2 B 3 B o A R S FR A -
EIEEEEE (NP) 2% %E (ED) ~ S#ERIEES (LS1) -~ BEHEE
(PAFRAC) -~ BEEEEE (CONTAG) LUK BERETEEL (SPLIT) - j846EfEK
WL T AR IR 22 RS ~ TEARKERENE R RS BRI - i Seis SR dTiR e 2 3
[ P58 L b SRR LB - 2B 6T o

TS M EFERENP » ED ~ LSIESPLITEE20094E8 H  ( BIBLH; i fié & 1% )
EFE(E - FER S N REBY - G sefamnvi b - ARREE R RHERS - HsmAYmk
PEAZ R Z WS » B ETEAIREREE R - SRR BOE B A Frkd> -

EHIAER » PR CONTAGHUR AR #IZY » 38 I T b S d g M B -
BEZE BRI » Hb SRS E I 4815 548 - PAFRACHEIEAE20094F-8 HEZ =
s » BEURIE R S SR - (ERERAE201 12 R IR KMERRWTEE -
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NP ED
1800 70
1600 6
1400
50
1200
40
o 1000 A
Z 500 =g
600
20
400
200 0
0 0
200905 200908 2011 2013 2015 | 2017 | 2019 2021 = 2023 = 2024 200905 | 200908 | 2011 | 2013 | 2015 | 2017 | 2019 | 2021 | 2023 | 2024
ik 367 | 1524 1408 1294 | 904 | 1080 | 877 | 801 | 951 | 738 = {3EF 106781 582976 44.8288 423616 37.1187 337495 24.9389 229389 255002 252309
YEAR YEAR
LSI PAFRAC
18 142
16 14
14
» 138
% 136
10 3
7] [~
S T 3
< 134
6 A
132
4
13
2
128
0 200905 ' 200908 2011 2013 2015 2017 2019 2021 2023 2024 200905 200908 2011 2013 2015 2017 2019 2021 2023 2024
w— it 48914 167205 133746 127617 114508 10.6227 84339 79372 85058 8.5065 =it 13213 13007 14018 13895 13647 13718 13703 13688 13866 13751
YEAR YEAR
CONTAG SPLIT
100 12
90
% 115
70 o
2 w =
E s = 105
Z A
8 40 1]
30 1
20 095
10
0 09
200005 200908 2011 2013 2015 2017 2019 2021 2023 = 2024 200005 200908 2011 2013 2015 2017 2019 2021 2023 2024
5 937428 72,5625 80.0511 80.1352 80.6718 83.8616 87.9387 88.8592 88.1287 87.4913 - 10231 11744 11022 1.1043  1.1039 1077 10516 10463 10497 10546
YEAR YEAR

6 % W A3 Mo RE A5 A 4R

FE DAERSR - SR NSRS MAE SR v e R\ BRAS IR 1 B 3 O Ml ST At
b - [EFEERHHER - MIFSRWIRIERRE - B LA B LY - ERIEIIRAT2
STt iR - B R e B HARE -

(w) B @GR
HIGEDHT
BT ER A RS - AN E S OE B - =fE (DEM) ~ iR
(CUE) -~ MijE@EEfas (TWID) -~ EyissEiss (SP1) ~ 3% (SP) ~ SFiHidl
# (PFE) -~ #lmh=xR (PCE) - HEEFERE (DR) ~ 3\ (AP) ST 1 RZE#R
FHRRTRE T » DAREALE S8 8o IR AER TR P RETAAERY 2 e AR M TR > 4347
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aEHsE S HEEE

FERANFS PR 2% BN 3 B SV i 3 R s b =R v AR - AR AR A Ry
-0.91520.799 » ¥R IR ERN0. TRIME - [KIELE K Hh == 8 IR - DIFg mfs Al
IR ENE -

&5 R MARAAHAGRSITER
DEM | CUE | TWI SPI SP PFE PCE DR AP
DEM | 1
CUE | -0.01 1
TWI | 0.027 | -0.28 1
SpPI | -0.01 |-0.07 0.117 | 1
SP | -0.06 0.035 | -0.32 0.009 | 1
PFE | 001 |-091 0.15 0.076 | -0.04 1

PCE | -0 0799 | 038 | -004 | 0018 | -049 | 1
DR | 0334 |-002 | 0063 | -001 |-0.12 | 0018 | -002 | 1
AP |-002 |-001 | 004 | 001 |-0.12 | 0017 | -0 0.091
2. {EEIEE

R Uk 5 5 LA 72 SIS U RN 52 288 NI 9 S A A SR Wi S0 B 43 A R 8 {11 B
(DEM > TWI~ SPI~ SP * PFE * PCE ~ DR * AP) - i#f7k#—1b - SRE&FIFSPSS
AT R BRI HER. - A5 IRA0R6FTR » HLFPDEM ~ SP ~ DR ~ APEEIIPIH
£/NiR0.001 » BHNGE SE B O FRIBTE ST G 8 1 - RS E ~ 3% - IR
JUBEBERIIE 170 2 52 B AR B AR R R SR IR 32« [RI LB A A A A L4 B2 5 - DL
Mo AT o RS IRANRT PR - HrP RN I[BERE (DR) S BB SANI B Iy
3 BIHF-5.067 - AR JIEGEE - fiE3 4 vTRE M K  HREWKE
(SP) -+ HBfER1.379 » HURBEWMINE SR A ARAMNIER 512 (DEM)
BfE $40.582 » AREEEEMN - FiBEs A3 LT 5 Smnvs2 8N > BiE R
-0.882 » REFFEIL MIGESRF (R ARIETEES o PUARS SR B UR R PR BRI AT A
TESATHI ELR B Ay g 10 o ARRFSCHE IR AR - IS R B IR AR E A
T » ElPourghasemi et al. (2018) HYIFFE—E o BB E Rt R rh i BHER IR -
2 FE R FERANT ST - BURIELAERIEERIRI rR A B 220 - BRAh - BRI TR BEREI R
EE B B E AT - fHEIRTSE (Sevgen et al., 2019; Nhu et al., 2020 ) Hi/R
PHEET G » RIS/K TR RS2 » fsB s ARy mTRE MRS » BARHTSERY 73

Mristlm - B EKSITERER S PRy E A -
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k6 BEEEFHMER (SEA %)

B SE. Wald H HEM Exp(B)

DEM 0.582 0.079 54.907 1 <001 1.790
TWI -0.308 0.182 2.869 1 090 735
SPI 247 2.249 0.012 1 912 781
SP 1310 0.115 130.215 1 <001 3.706
PFE -1.540 1514 1.034 1 309 214
PCE 0.105 0.933 0.013 1 911 1.110
DR -5.062 0.128 | 1566.967 1 <001 006
AP -0.882 0.067 173.145 1 <001 414
B 1.603 1.174 1.864 1 172 4.966

&7 @G ER (488 RE)

B SE. Wald HHE B Exp(B)
DEM 0.582 079 54.827 1 000 1.789
SP 1.379 108 163.450 1 000 3973
DR -5.067 128 1571011 1 000 006
AP -0.882 067 173.362 1 000 414
T 0.510 069 54.479 1 000 1.666

Btz 41 - HAt g 2 RR IR Ry BREE A F-an + #F A (Pourghasemi et al., 2018 )
PHIBPSAUEERE (Pradhan and Lee, 2010) * {EFZ ARIBE S SE RN BEIZ FEFT -
ST » ARSI A 1 78 390 % Ry ARk » HZ R RIMR » MBS AR B i
> o (Rl » A3 P R B B B AR AT 22 AR AN A AR AT BRI A 43 1T SRS

Ry 7 A A7 e B AR A AT R v SATE | 03e & S B R RS R RE T
ARWFFEHES T 7 HosmerBiLemeshow @ %€ Sz OmnibustiiE ° HosmerBiLemeshow: 7 5
BUERSREUR » RITER139.770 - HHIEE RS » BETEP < 0.01 » BRA A FEIHE
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