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Ecological Carrying Capacity Estimation of the Trails in a Protected

Area: Integrating a Path Analysis Model and the Stakeholders'’
Evaluation

This study integrated a path analysis model and stakeholder assessment to estimate the ecological carrying capacity of trails in a prot-
ected area. This study surveyed the biophysical environment along the trails and conducted a path analysis to establish the use—-impact
model for the trails in the study area. Based on the use—-impact model, this study developed four-level usage scenarios and collected the
stakeholders’ acceptance evaluation to determine the ecological carrying capacity range. The results showed that the weekly usage of
the trails directly affected the soil hardness and plant coverage of the trail. The trail's soil hardness directly affected the surrounding soil
hardness, decreasing its plant coverage, while the vegetation type and slope also affected its plant cover. The stakeholders of the Mt.
Xiaoguanyin Area reached a consensus on the ecological carrying capacity range, which was 288 to 404 total weekly hikers.

& g 0 Assessing recreation carrying capacity from an ecological perspective ‘ :
'k\ M# is more appropriate for protected areas with recreation supplies.

Use-Impact survey -

Simulated Scenarios

Nature-based outdoor destinations
face over-tourism issues.
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Pearson correlation analysis

Use-Impact model Stakeholder evaluation

Pilot survey

Soil S0il Plant FPlant

Weekly Vegetation Harduess Hardmess
Slope  Trail Width

Biophysical environment Usage behavior

Coverage Coverage

; Usage Type (Sample (Reference (Sample (Reference
*Weather *Trail Plat) Plot) Plat) Platy
*Landform *Routs Landscape-  vepetation type 0229
: level
*Geology *Behavior b Sk R B
*Flora and Fauna *Hiker numbers Trail width 0251 0180 0189
= Soil hardness (Sample plot) DASL**  O.005 -0.110 0.01%
e
; . Soilbardmess (Referenceplot)  0.168 0.141 -0.017 0.120 0,486+
mpac
5 S‘ Plant coverage (Sampleplot) —0.317*  —0.011 —0.053 —0.461% 0001 —0.151
g YT 152 (Rafarenceplat]  —0.087 —0.AD0H  —02724  —0.221 —0.108 -0.441 % 0230
Number of plant spacies D342+ Q587>+ —0040 —(.086 0370 * 0108 0162 —0.152
- L)
FPaeudosasa wsama type 25 a reference vegetation type; * = 0.05 and ** = 0.01. Accel]t‘lnce Rdnge

Turning point method
Use-Impact model SR

Soil hardness 0.486""
(Sample plot)

0.481""

Weekly usage = =0.317"
Tl Plant coverage
(Sample plot)

The Highest

X ~03e2"

N Number of plant
0.587° s

L

(.39 Y Plant coverage

Vegetation type = = e (Reference plat)
=3

Sl
o * 03, BF pf0], == ¥ pai 0]

PCp = plant coverage of the reference plot (%)

§Hp = soil hardness of the reference plot (ka'om?)

8H. = soil hardness of the sample plot (kg/'cm®)

FT'= vegetation type (reference type: Pseudosasa wsawar)
5=slope (33)

WL =weakly usage (imnber of hilers)

The Lowest

PCg = —5.503 SHy — 17.534 VT — 0.780 5 + 89.042
SHy = 0.081 §Hs + 1.525

SHg = 0.014 WU + 9.487

o The suggested ecological carrying capacity range was based on objective and subjective estimations and served as a scientific basis for managers to formulate corresponding strategies.

Study of thermal environment of sidewalks within varied urban
road structures

Road is one of the major components that make up urban outdoor space. Due to the popularity of personal vehicles and urban sprawling, vehicle-oriented transporta-
tion has been dominating the road design for decades and worsening urban outdoor thermal environment. The purpose of this study was to assess the thermal envi-
ronment of the potential humanity-oriented designed roads which expand sidewalks for better walking experience. To increase human thermal comfort, road orienta-
tion, the number of planting strips, and leaf area index (LAI) of trees were considered to develop alternative scenarios. Validated with field measurements by this study,
ENVI-met was used to simulate the thermal environment of the sidewalks within the scenarios.

Results showed that the thermal realms of the sidewalks
within the scenarios were different. Road orientation
significantly affected thermal environment of the side-
walks. Two peaks were found in Tmrt and PET in ES
roads; the one that occurred in the afternoon was higher
than the one that occurred in the morning. On the other
hand, NS roads had a right skewed partial peak that
occurred in the afternoon. Sidewalks within high LAl
trees and more planting strips scenarios had cooler
lower Tmrt and PET. In addition, LAl was the factor that
had significantly and continuously negative effect on
Tmrt and PET. The intensity of negative effect of LAl
showed greatest at noontime. Therefore, replacing high
LAl trees might be the most effective way to modify
thermal environment, while traffic flow remains fixed.
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Effects of Street Spatia
Condition and Air Qua

Structure on Micrometeorological
ity—A Case Study of Taipei City

This study conducted field measurements to explore the effects of street spatial structure on micrometeorological condition
and air quality on both hot and cool days in Taipei City. Six street canyons with an aspect ratio of one, but varied in street orien-
tation, street width, sky view factor, and number of planting strips, were selected for observations. In this case study, it was ob-
served that, as well as the meso-scale phenomena, the local and micro-scale (street canyon structure) had influences on street
air temperature, mean radiant temperature, and wind velocity. However, the local and micro-scales only had minor effects on
relative humidity for both hot and cool days. Shade effect on temperature by street trees was observed; this effect could cause
2 degrees drop on mean radiant temperature and about 0.5 degree drop on air temperature. Our analyses and field measure-
ments also revealed that, in some cases, concentrations of PM2.5 and PM10 were found to be correlated with local street
canopy structure; however, in some cases, the meso-scale process was found to be the dominant factor. We also found that
concentrations of CO and O3 were inversely correlated in the street canyon. The findings of this study provide introductory
scientific data and guidelines for urban street designers to improve thermal comfort and air quality.

A method to detect the spatial matching relationship of supply
and demand of recreation ecosystem services (RES) as policy and
decision-making support in a protected area

Recreation ecosystem services (RES) link closely to human well-being and benefit mutually to biodiversity conservation. However, how to assess and detect the spatial
matching of RES remains a challenge. Based on the ES cascade model and referring to previous studies, this study defined RES Supply Potential, RES Demand, RES Flow,
and RES Match/Mismatch to convey these terms’ intrinsic appropriately; and Recreation Accessibility was treated as a RES supply term. The proposed method consist-
ed of three assessment parts and an overlay analysis. RES Supply Potential and Recreation Accessibility were assessed by indicator assessment method. RES Demand
and RES Flow were assessed from the beneficiaries' perspective by administering web-based questionnaires. The matching relationship between RES Demand and RES
Flow was further analyzed to detect RES Match/Mismatch. An overlay analysis was then conducted to examine the spatial relationship between the RES Match/Mis-
match and the resource supply status to provide specific management information. Through a questionnaire with reliability and content validity and 634 samples (95%
confidence level, 4% confidence interval), the detected RES Match/Mismatch of this study was trustable. This study revealed four RES Match/Mismatch levels in Yang-
mingshan National Park (YNP). Only 5.51% of YNP belonged to M (RES Demand = RES Flow). MM-1 (RES demand <RES flow) accounted for 7.12% and had high Recre-
ation Accessibility, which was the area that the managers should first launch dispersed actions to avoid or minimize over-visited impacts. The proposed method could
not only detect RES Match/Mismatch rationally and directly but also obtained multiple spatial datasets to support decision-making.

Keywords: Non-material ecosystem services; Land use; Recreation supply; Recreation demand

Fig. 2. Framework for detecting the matching relationship between
RES Demand Potential and RES Flow from beneficiary perspective.

Fig. 1. The method and procedure for assessing and detecting the spatial matching
relationship of supply and demand of RES as policy and decision-making support.



