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ABSTRACT Rapid urbanization has created a dual challenge for green city development: environmental
monitoring efficiency often lags behind ecological demand, while landscape design still relies heavily
on static surveys and designer experience. Integrating communication technology with IoT sensing
can address these issues by enabling continuous environmental perception and data-driven landscape
optimization. This study constructs a real-time urban environmental monitoring system comprising 120
composite sensor nodes deployed across four functional zones: commercial districts, residential areas,
industrial buffer zones, and urban green spaces. A dual-channel communication architecture combining
NB-IoT and LoRaWAN, supported by an edge-cloud collaborative computing framework, is used to
monitor atmospheric quality, thermal environment, acoustic conditions, and light environment. The
wireless communication design also provides a practical reference for low-power sensor networking and
propagation-aware deployment in dense urban environments. Results show that overall data integrity
reached 99.1%, and edge computing reduced end-to-end response latency by 73.6%. Using multidi-
mensional monitoring datasets as a decision basis, landscape spatial layout optimization reduced annual
mean PM2.5 concentrations by 26.3% in targeted zones and lowered local urban heat island intensity by
41.7% relative to control areas. Resident satisfaction increased by 19.4 points, and AHP evaluation scores
increased by 39.5%, validating a closed-loop perception-transmission-analysis-design paradigm for green
urban landscape optimization.

INDEX TERMS iot sensing, wireless propagation, nb-iot, urban environmental monitoring, landscape
optimization

I. INTRODUCTION

AS urbanization accelerates worldwide, the significant
ecological consequences of industrial waste and syn-

thetic fiber runoff indicate that environmental challenges are
becoming increasingly difficult to ignore. Addressing these
impacts through bio-based fiber alternatives and advanced
filtration membranes is essential for maintaining the eco-
logical integrity of expanding urban centers. Moreover, the
findings shows that air pollution, urban heat islands, and
noise exceedance pose critical threats to resident well-being
and long-term urban sustainability. Given that evidence
demonstrates that green city construction has risen to the
top of policy agendas, the results indicates that research
priorities across many countries reflect this important shift.
In light of these significant developments, rapid advances
in information and communication technology (ICT) could
demonstrate that new pathways for urban environmental

governance may support more effective outcomes [1]. ICT
deployment shows asymmetric influence on environmental
sustainability. However, the evidence shows that integrating
modern communication technology into urban environmen-
tal monitoring systems remains a central scientific question
for green city development. Furthermore, the findings indi-
cates that the convergence of IoT sensing and wireless com-
munication provides a solid technical foundation for real-
time, high-precision acquisition of key urban environmental
parameters. Notwithstanding these results, the significant
progress in hardware-software co-design for IoT-based envi-
ronmental monitoring demonstrates that multi-protocol sen-
sor node networks could effectively capture dynamic varia-
tions in critical ecological indicators—temperature, humid-
ity, PM2.5, and CO2 concentration among them [2]. Digital
twin technology links physical and digital spaces. Addition-
ally, the significant findings shows that integrated sensing-
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communication systems have further expanded the bound-
aries of IoT applications, showing considerable promise in
building bidirectional mapping models between physical and
digital urban spaces [3]. Therefore, the evidence indicates
that near-real-time satellite communication has also been
validated in orbit, laying important groundwork for remote
data transmission and space-ground integrated monitoring
networks at urban scale [4]. Given that these results demon-
strate that communication-enabled IoT sensor networks em-
bedded within functional fiber-reinforced textiles are mov-
ing from conceptual frameworks toward practical engineer-
ing systems, the key findings indicate that this transition
could support more effective urban development. Existing
research shows a visible gap at the intersection of electronic
textile technology and landscape design, highlighting the
need for smart materials that respond to environmental
changes within urban green spaces.

The study suggests that many existing works confine
the value of ICT to narrower domains—government trans-
parency [5], blended learning in education [6], and health-
care informatization [7]—without exploring its interdis-
ciplinary potential in dynamic ecological landscape opti-
mization. However, the findings indicates that conventional
landscape design still relies heavily on designer intuition
and static site survey data. Furthermore, the evidence shows
that real-time responses to spatiotemporal variations in ur-
ban environmental parameters are largely absent from the
current frameworks. In light of these significant results,
the ecological service functions of landscape spaces appear
difficult to assess accurately or improve continuously. Study
shows dual gap—theoretical and practical—calls for new
research paradigm grounded in environmental monitoring
data. Moreover, the study could demonstrate that this re-
search responds to that need by systematically developing a
multidimensional real-time urban environmental monitoring
framework through the integrated application of communi-
cation and IoT sensing technologies. Additionally, the sig-
nificant findings shows that the study explores optimization
pathways for data-driven urban landscape design, building
on monitored data analysis. Thus, the key results indicates
that the specific aims are threefold: to reveal spatiotemporal
distribution patterns of environmental quality across typical
urban functional zones; to evaluate the transmission perfor-
mance of mainstream communication protocols, including
NB-IoT and LoRaWAN, in urban deployment scenarios;
and to propose environment-feedback-based strategies for
landscape spatial layout optimization. Notwithstanding these
results, the evidence shows that the study also appears to
enrich the theoretical body of work at the intersection of IoT
technology and urban landscape studies. Research shows
contributions support human settlement quality alongside
green and sustainable development goals.

II. LITERATURE REVIEW
The convergence of information and communication tech-
nology (ICT) and the Internet of Things shows that both

theoretical grounding and technical support for green city
environmental monitoring and landscape design have mean-
ingfully advanced. Moreover, the findings indicates that
progress has emerged across several significant dimensions,
including foundational theory and the expanding applica-
tions of ICT. Furthermore, the concept of ICT appears to
have evolved considerably, such that it now encompasses not
only data transmission but also sensing, computation, inter-
action, and decision-making. In light of these findings, the
evidence shows that effective ICT adoption could demon-
strate significant improvement in operational efficiency in
organizations, with well-documented benefits in resource
allocation and information flow [8]. ICT implementation
shows psychophysiological stress effects on workers [9].
However, the results indicates that ICT orientation has been
positively linked to employee engagement and job perfor-
mance across multiple industries [10], and the evidence
shows that in the post-pandemic period, ICT-driven en-
trepreneurship has opened important new avenues for cross-
sector application [11]. Additionally, the significant find-
ings could demonstrate that practical deployments—ranging
from social participation support for elderly populations
[12] to telemedicine extension [13] and intelligent traffic
sign recognition [14]—further suggest that ICT appears to
function as a versatile enabling technology. Given that the
evidence demonstrates these deployments, the results indi-
cates that these cases could provide useful reference points
for introducing ICT into urban environmental governance.
Studies show ICT and tourism asymmetrically affect envi-
ronmental quality [15]. Nevertheless, the significant findings
shows that this result could provide ecological justification
for deploying ICT in green city construction, as the evidence
appears to support a positive moderating influence on eco-
logical conditions. Therefore, the results indicates that effec-
tive IoT operation depends on tight coupling among sensing,
networking, and data processing as a key foundation for
these significant advances. Analysis of key technologies in
computer and IoT applications shows that three principal
constraints shape system performance: low-power sensor
node design, data fusion algorithm optimization, and ratio-
nal network topology planning [16]. Moreover, the findings
indicates that Narrowband IoT (NB-IoT) holds significant
advantages for large-scale urban sensor deployment, owing
to its wide coverage, low power consumption, and cost
efficiency [17]. Furthermore, the evidence demonstrates
that systematic studies on communication engineering have
mapped the applicable boundaries and performance charac-
teristics of heterogeneous protocols—ZigBee, Wi-Fi, Blue-
tooth, and LPWAN—across different deployment scenarios
[18]. In light of these results, the significant data shows that
IoT communication technology has been widely adopted
in infrastructure management, public safety monitoring,
and environmental quality sensing, forming a key data
acquisition backbone that enables real-time visualization
of urban operating conditions [19]. Research shows hybrid
heuristic cluster-head selection algorithms extend network
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lifespan, reduce costs [20]. However, the findings shows
that recent advances in digital twin and integrated sensing-
communication technology could indicate new frontiers in
constructing bidirectional physical-digital urban mapping
models [21]. Given that the evidence demonstrates newer
protocols offer real gains, the results indicates that next-
generation communication protocols for autonomous mobile
robot control appear to support significant improvements in
system responsiveness and control stability [22]. Genera-
tional transitions from 3G through 5G and into emerging 6G
technology shows that the infrastructure landscape for IoT
data transmission is being fundamentally reshaped. More-
over, the significant findings from electromagnetic exposure
analyses across mobile communication generations indicates
that while 6G substantially increases transmission speeds, its
radiation effects on human health and surrounding ecosys-
tems require careful evaluation at the system design stage
[23]. Furthermore, the evidence shows that near-real-time
satellite communication, validated through orbital testing,
offers a complementary pathway for remote data relay in
peripheral urban and peri-urban areas [24]. In light of these
results, existing literature could demonstrate that ICT invest-
ment affects both carbon emissions and energy intensity at
the macro level. Literature shows ICT penetration improves
environmental quality. However, the significant body of
evidence shows that higher ICT penetration can indirectly
improve regional environmental quality by restructuring
industry and raising resource efficiency. Additionally, the
key findings indicates that this evidence supports positioning
communication technology as a core enabler for green
urban environmental monitoring. Given that integrated ICT
deployments demonstrate that sensor networks and com-
munication systems, working in tandem, can achieve fine-
grained dynamic control over ecological parameters, the
results indicates that this methodological model holds direct
relevance to urban green space monitoring design. Notwith-
standing these results, the significant literature reviewed
above shows that substantial results have been produced in
ICT theory, IoT communication architecture, and domain-
specific applications. Research shows systematic integration
remains sparse. Nevertheless, the evidence indicates that
systematic research genuinely integrating communication
technology with IoT sensing in service of dynamic urban
landscape design remains sparse. Moreover, the key find-
ings shows that few studies approach the problem from a
closed-loop perspective—one that traces the full path from
sensor-collected environmental data to actionable landscape
planning decisions.

Furthermore, the landscape interventions utilize “high-
performance fiber-reinforced materials” as structural sub-
strates. Unlike traditional steel, these textile-based compos-
ites offer superior corrosion resistance and high strength-
to-weight ratios, enabling the integration of flexible sen-
sors directly into the landscape fabric. Recent advances
in textile engineering demonstrate that these materials can
significantly extend the lifespan of urban furniture while

facilitating continuous micro-environmental sensing.

III. RESEARCH DESIGN AND OVERALL FRAMEWORK
A. OVERALL RESEARCH APPROACH
This study examines that green city environmental monitor-
ing and landscape design optimization may suggest a clear
analytical framework. Moreover, the significant findings
indicates that the research follows a sequential logic: prob-
lem identification, technology integration, data acquisition,
analytical modeling, and design feedback. Furthermore, the
evidence demonstrates that the research unfolds across four
progressive levels, each addressing key analytical concerns.
Given that the results indicate a layered structure, the study
shows that these levels could provide a coherent foundation
for subsequent technical planning. Research covers four
levels. The first level addresses demand analysis and system
planning. However, the significant findings shows that field
investigation and literature review of the study area could
establish the key monitoring indicator set—atmospheric
quality, thermal environment, acoustic conditions, and light
environment. Therefore, the evidence indicates that spatial
deployment principles for sensor nodes and network cov-
erage requirements are defined at this stage. In light of
these results, the study could demonstrate that this stage
may provide the basis for subsequent technical planning.
Findings show stage forms planning basis. The second level
addresses technology integration and platform construction.
Additionally, the significant evidence shows that NB-IoT
and LoRaWAN could be comparatively evaluated as low-
power wide-area communication protocols. Notwithstanding
these results, the findings indicates that sensor node se-
lection, gateway deployment, and cloud-side data reception
appear integrated into a unified IoT monitoring platform.
Thus, the important results could demonstrate that this
platform may support real-time data acquisition, wireless
transmission, and remote management. Platform supports
acquisition transmission management. The third level han-
dles data processing and spatial analysis. Nevertheless,
the evidence shows that raw multisource heterogeneous
sensor data could be cleaned, fused, and standardized.
Moreover, the significant findings indicates that GIS spatial
analysis and statistical methods appear applied together to
visualize and quantify the spatiotemporal distribution of
environmental parameters. Furthermore, the results could
demonstrate that weak zones in urban environmental quality
and key influencing factors may be identified, producing
a data analysis report. Given that the evidence supports
this approach, the study indicates that this report could
support landscape design decisions. Analysis shows data
supports decisions. The fourth level focuses on landscape
design optimization and effect evaluation. However, the
significant evidence shows that the study could propose
targeted strategies for urban green space layout adjustment,
planting configuration optimization, and functional zone re-
structuring. Therefore, the important findings indicates that
pre- and post-intervention monitoring data appear compared
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to quantitatively assess landscape measures. In light of these
results, the evidence could demonstrate that these measures
may affect urban ecological service functions [25]. Com-
parison shows measures affect functions. Methodologically,
this study shows that a mixed-methods approach could
provide both quantitative and qualitative depth. Moreover,
the significant findings indicates that statistical analysis of
sensor data appears to establish the quantitative backbone
of the results. Additionally, the evidence could demonstrate
that expert evaluation of landscape design schemes and res-
ident satisfaction surveys may supply important qualitative
depth. Given that the results support this integration, the
study indicates that these approaches could ensure that the
findings appear both scientifically rigorous and attentive to
human experience. Methods show integration ensures rigor.
Furthermore, the significant evidence shows that the overall
logic could form a complete closed loop—sensing current
conditions, diagnosing problems, optimizing design, and
verifying outcomes [26].

B. IOT SENSOR NETWORK CONSTRUCTION
The IoT sensor network may suggest that three core design
principles—multi-level coverage, full spatial reach, and low
power consumption—could demonstrate a coherent archi-
tectural foundation. Moreover, the three-tier architecture,
encompassing the perception layer, transmission layer, and
platform layer, appears to support around-the-clock mon-
itoring of environmental parameters across urban green
spaces and surrounding functional zones. Furthermore, the
significant composite environmental monitoring nodes at the
perception layer could indicate that integrating temperature-
humidity sensors, PM2.5 laser scattering sensors, CO2 in-
frared absorption sensors, noise sound pressure level sen-
sors, and UV light intensity sensors might provide com-
prehensive data coverage. In light of these design choices,
the evidence may suggest that each sensor module under-
goes factory calibration and pre-deployment cross-validation
to ensure that data accuracy and consistency are main-
tained. Node hardware shows MCU controls dual-redundant
power. However, the key dual-redundant power scheme—
solar charging combined with lithium battery storage—
could demonstrate that continuous operation under extreme
weather and low-light conditions appears achievable, with
theoretical battery life no less than six months [27]. Given
that boundary reference points are positioned in natural
vegetation areas on the urban periphery, the results could
indicate that this three-tier arrangement may demonstrate
a monitoring network with balanced spatial coverage and
clear environmental gradients. Spatial design shows gradi-
ents support analysis. Nevertheless, the transmission layer
evidence may suggest that NB-IoT and LoRaWAN were de-
ployed simultaneously. This dual-redundancy is specifically
designed to address the “urban canyon” effect, where NB-
IoT handles deep-indoor/dense-building penetration while
LoRaWAN maintains connectivity in open green spaces via
private gateways. This hybrid approach ensures a 99.1%

data integrity rate by mitigating protocol-specific blind spots
common in complex urban topographies, outweighing the
incremental power costs. Therefore, the significant NB-IoT
modules, leveraging existing cellular infrastructure, appear
to indicate that dense urban building environments requir-
ing stable transmission might benefit from this approach.
Moreover, the key LoRaWAN modules relying on self-built
private gateways could suggest that open green spaces and
areas with weak cellular signal appear better served by
this protocol. In light of the communication findings, the
results may indicate that the two protocols operating as
complementary and redundant channels could demonstrate
that overall communication reliability improves meaning-
fully [28].

C. DATA PROCESSING AND LANDSCAPE DESIGN
EVALUATION METHODS
This study demonstrates that a multi-technology approach
could indicate how raw sensor data may be transformed into
structured analytical outputs that inform landscape design
decisions. Data preprocessing. Moreover, the findings shows
that long-term sensor operation could introduce outliers,
missing values, and drift errors into the analytical pipeline.
Furthermore, the evidence appears to indicate that these
issues are addressed sequentially through targeted correction
methods. Given that the IQR method identifies and removes
outliers, the results shows that linear interpolation could fill
short-gap missing data effectively [29]. However, the sig-
nificant results indicates that descriptive statistics, Pearson
correlation analysis, and multiple linear regression models
appear to reveal interaction patterns among environmen-
tal parameters. Notwithstanding these results, the findings
shows that these quantitative associations could provide
causal data logic to guide targeted landscape optimization.
Statistical analysis shows parameters affect design. Fur-
thermore, the significant evidence indicates that a three-
dimensional evaluation index system may cover ecological
quality, functional performance, and aesthetic quality. More-
over, the key findings shows that the ecological dimension
appears to include vegetation coverage rate, green view
ratio, biodiversity index, and estimated carbon sequestration.
Given that remote sensing image interpretation and field
plant quadrat surveys provide the data, the results indicates
that the functional dimension could draw on sensor network
data and GIS accessibility analysis. Functional measures
link cooling, noise, and accessibility outcomes. In light of
these findings, the evidence shows that environmental cool-
ing efficiency, noise reduction rate, air purification contri-
bution, and resident accessibility might be captured through
the functional dimension. Thus, the significant findings indi-
cates that the aesthetic dimension appears to use a semantic
differential scale combined with eye-tracking experiments.
Therefore, the key results shows that professional landscape
designers and community resident representatives might
assess alternative design schemes, generating representative
subjective aesthetic scores [30]. AHP model ranks candidate
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spaces and industrial buffer zones. This contrast provides
a clear directional basis and quantitative justification for the
landscape design optimization strategies developed in sub-
sequent sections. Spatial distribution patterns are illustrated
in Figure 1.

TABLE 1. Atmospheric pollutant concentration monitoring statistics by urban
functional zone (monitoring period: 90 days)

Urban Functional Zone PM2.5 Mean (µg/m3) PM2.5 Peak (µg/m3) NO2 Mean (µg/m3) CO2 Mean (ppm) Compliance Rate (%)

Commercial District 41.3 76.5 52.4 512 61.2
Residential Area 33.8 58.2 38.7 453 74.5
Industrial Buffer Zone 68.4 89.3 74.1 498 28.3
Urban Green Space 22.7 41.6 21.3 387 91.7
National Secondary Standard 35 — 40 — —

2) Thermal Environment and Microclimate Monitoring Data
Analysis
Temperature-humidity sensors and wind speed sensors de-
ployed across all four functional zones shows that systematic
continuous monitoring of thermal environment and micro-
climate parameters could demonstrate significant spatial
variation. Moreover, the analysis indicates that the spatial
gradient distribution of urban heat island intensity and the
quantitative regulatory effect of green space coverage on
local microclimates appear to follow consistent patterns.
Results are presented in Table 2. Furthermore, the significant
spatial differentiation in the urban heat island (UHI) effect
shows that the commercial district recorded the highest
summer daily mean temperature at 36.8°C, exceeding the
urban green space reference zone by 4.3°C. Given that the
UHI index of 4.3 K places it in the moderate-to-high heat
island category, the evidence indicates that the industrial
buffer zone averaged 35.9°C with a UHI intensity of 3.4 K,
primarily attributable to industrial waste heat discharge and
the low albedo of hard impervious surfaces. Residential area
shows UHI intensity 2.1 K, between commercial and green
zones. However, the findings shows that urban green spaces
averaged only 32.5°C, with a UHI intensity approaching
zero. The post-optimization drop in UHI intensity (from 4.1
K to 2.4 K) was recorded at a standard measurement height
of 1.5 meters during peak solar radiation (14:00), capturing
the maximum cooling benefit provided by the integration
of permeable pavements and optimized canopy structures
within the microclimate [34]. In light of these results,
the evidence indicates that relative humidity followed a
complementary pattern, with urban green spaces averaging
71.4% compared to 52.3% in the commercial district and
48.7% in the industrial buffer zone—differences of 19.1
and 22.7 percentage points, respectively. Additionally, the
significant humidity regulatory effect could demonstrate
a strong positive correlation with green space vegetation
coverage (R2 = 0.87). Thus, the key wind speed data shows
that urban green spaces recorded a mean wind speed of 1.8
m/s, higher than both the commercial district (0.9 m/s) and
residential area (1.1 m/s). Open green space layouts show
ventilation corridor performance links to thermal regulation
capacity [35]. Notwithstanding these individual results, the

schemes. Nevertheless, the evidence shows that scores from 
all three dimensions were processed using an Analytic 
Hierarchy Process (AHP) model to rank candidate schemes. 
The judgment matrix was constructed based on expert 
pairwise comparisons, yielding weights of 0.428, 0.354, and 
0.218 for ecological quality, functional performance, and 
aesthetic quality, respectively. The Consistency Ratio (CR) 
was calculated as 0.042, which is significantly b elow the 
0.10 threshold, thereby verifying the scientific v alidity of 
the weight assignments. Furthermore, the significant results 
indicates that monitored data trends appear to serve as 
objective verification o f i mplementation o utcomes. Given 
that the complete evaluation loop addresses data diagnosis, 
scheme design, effect assessment, and iterative refinement, 
the findings shows that landscape optimization outputs could 
remain both scientifically g rounded a nd r eproducibly veri-
fiable [31]. Evaluation l oop ensures verifiable outcomes.

IV. RESULTS AND ANALYSIS
A. MULTIDIMENSIONAL URBAN ENVIRONMENTAL 
QUALITY MONITORING RESULTS
1) Spatiotemporal Distribution Characteristics of 
Atmospheric Quality
Using the IoT sensor network, continuous 90-day moni-
toring was conducted across four typical urban functional 
zones: commercial districts, residential areas, industrial 
buffer zones, and urban green spaces. Three key pollutant 
indicators were recorded—PM2.5, NO2, and CO2—with 
results summarized in Table 1. Spatial differentiation across 
functional zones was pronounced. The industrial buffer zone 
recorded the highest daily mean PM2.5 concentration at 
68.4 µg/m3, exceeding the national secondary standard of 
35 µg/m3 by approximately 95.4%. Urban green spaces, 
by contrast, averaged only 22.7 µg/m3. This gap reflects 
the substantial physical interception and adsorption effects 
that vegetation exerts on airborne particulate matter [32]. 
Temporally, all four zones displayed a clear bimodal daily 
pattern. Pollution peaks occurred during morning rush hours 
(07:00–09:00) and evening rush hours (17:00–19:00) on 
weekdays, closely tracking motor vehicle emission cycles. 
On weekends, pollutant concentrations across all zones 
fell by approximately 18.6% relative to weekdays. This 
pattern confirms t hat h uman a ctivity i ntensity i s a  primary 
driver of urban air quality variation. Seasonal trends were 
also evident. In winter, the combined effect of coal-based 
heating and atmospheric temperature inversion elevated 
PM2.5 concentrations across all functional zones by 31.2%–
47.8% compared to summer levels. The industrial buffer 
zone reached a winter peak concentration of 89.3 µg/m3, 
placing it in the severe pollution category [33]. CO2 spatial 
distribution correlated positively with population activity 
density. The commercial district recorded a mean CO2 level 
of 512 ppm, compared to 387 ppm in urban green spaces—a 
difference of 125 ppm that reflects the carbon sequestration 
function of urban vegetation. Taken together, the steepest 
atmospheric quality gradient exists between urban green
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FIGURE 1. Spatial distribution of atmospheric pollutant concentrations across urban functional zones

significant microclimate indicators shows that a consistent
quantitative relationship appears to exist, where every 10%
increase in green space coverage corresponds to a daily
mean temperature reduction of approximately 0.6–0.9°C and
a relative humidity increase of around 3.2%. Therefore,
the important findings indicates that this relationship could
provide direct data support for subsequent decisions on
green space layout and planting configuration in the land-
scape optimization design. Moreover, the evidence shows
that these results appear to establish a reliable framework
for evaluating the regulatory effects of green infrastructure
on urban thermal environments. In light of the key spatial
patterns shown in Figure 2, the results could demonstrate
that the findings support further integration of green space
planning into urban microclimate management strategies.
Data shows spatial patterns confirm green space coverage
affects thermal and humidity outcomes consistently.

TABLE 2. Thermal environment and microclimate parameter monitoring
statistics by urban functional zone (summer monitoring means)

Urban Functional Zone Daily Mean Temp. (°C) Maximum Temp. (°C) Relative Humidity (%) Mean Wind Speed (m/s) UHI Intensity (K)

Commercial District 36.8 42.1 52.3 0.9 4.3
Residential Area 34.6 39.7 61.5 1.1 2.1
Industrial Buffer Zone 35.9 41.3 48.7 1.3 3.4
Urban Green Space 32.5 36.8 71.4 1.8 0.1

3) Acoustic and Light Environment Monitoring Results
Noise sound pressure level sensors and light intensity sen-
sors shows that round-the-clock monitoring could provide
significant evidence about acoustic and light environment
parameters across all four functional zones. However, the
findings appear to demonstrate that the spatiotemporal dis-
tribution of noise exceedance zones and the diurnal variation
characteristics of light intensity reveal important patterns.
Moreover, the results presented in Table 3 indicates that
acoustic monitoring data supports clear differences across
the functional zones examined. In light of these significant
findings, the commercial district shows that the highest
mean equivalent sound level (Leq) at 74.6 dB(A) appears
to exceed the daytime limit for commercial zones under

the Environmental Noise Quality Standard (60 dB(A)) by
approximately 14.6 dB(A). Commercial district exceedance
rate reached 83.7%. Furthermore, the industrial buffer zone
indicates that the average of 71.3 dB(A) with a 76.4%
exceedance rate might demonstrate that noise peaks con-
centrate during peak production hours, specifically 09:00–
11:00 and 14:00–16:00. Additionally, the residential area
shows that the average of 58.4 dB(A) indicates that the
standard threshold appears relevant to nighttime exceedance
patterns. Given that evidence demonstrates nighttime ex-
ceedance during 22:00–06:00 reached a rate of 41.2%,
the findings indicates that this result could pose a non-
negligible risk to resident sleep quality. Urban green spaces
show lowest mean Leq at 43.7 dB(A), well below limits.
Notwithstanding the significant results from other zones, the
evidence shows that the strong noise attenuation capacity
of vegetation could demonstrate that urban green spaces
provide important acoustic buffering. Therefore, the key
findings indicates that a positive correlation appears to exist
between greenway width and noise reduction magnitude
(R2 = 0.81) [36]. Results show light environment follows
different pattern. Urban green spaces recorded the highest
daily mean illuminance at 38,600 lux, substantially above
the commercial district (22,400 lux) and residential area
(19,800 lux). Moreover, the relatively open spatial structure
of green spaces shows that minimal building obstruction
could indicate a key explanation for this difference. How-
ever, the industrial buffer zone indicates that the high density
of factory structures appears to establish the lowest daily
mean illuminance across all four zones at 17,300 lux. Fur-
thermore, the findings shows that the summer midday peak
ultraviolet index (UVI) for urban green spaces, recorded
between 11:00 and 13:00, could demonstrate a value of 8.2,
classified as “very high.” Green spaces show UVI demands
shading. Additionally, the significant evidence shows that
daily illuminance variation across all functional zones could
indicate a single-peak curve centered on solar noon, with
peak illuminance concentrated between 11:00 and 13:00
[37]. Given that the results demonstrate that light intensity
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FIGURE 2. Thermal environment and microclimate monitoring results across urban functional zones

rose and fell rapidly within approximately one hour after
sunrise and before sunset respectively, the data indicates that
this temporal pattern appears relevant to landscape planning
considerations. Nevertheless, the significant findings shows
that urban green spaces could demonstrate clear advantages
in both acoustic and light environments. In light of these
results, the evidence indicates that the key findings could
provide a solid empirical basis for designing noise-barrier
greenbelts and configuring shading structures in subsequent
landscape optimization schemes. Spatial and temporal dis-
tribution patterns show Figure 3 results.

TABLE 3. Acoustic and light environment parameter monitoring statistics by
urban functional zone

Urban Functional Zone Mean Leq (dB(A)) Noise Peak (dB(A)) Noise Exceedance Rate (%) Daily Mean Illuminance (lux) Midday UVI Peak

Commercial District 74.6 89.3 83.7 22,400 6.8
Residential Area 58.4 72.1 41.2 19,800 6.1
Industrial Buffer Zone 71.3 86.7 76.4 17,300 5.4
Urban Green Space 43.7 58.2 4.3 38,600 8.2
National Standard Limit 60 — — — —

B. COMMUNICATION TECHNOLOGY PERFORMANCE
COMPARISON AND TRANSMISSION EFFICIENCY
EVALUATION
1) Empirical Comparison of NB-IoT and LoRaWAN
Communication Protocols
A 90-day parallel field test examined that NB-IoT and
LoRaWAN could demonstrate meaningful performance dif-
ferences under typical urban deployment conditions. More-
over, the significant findings shows that three representative
environments—dense commercial building areas, residential
streets, and open green spaces—could provide important
coverage for evaluating these protocols. Furthermore, the
study indicates that five core performance indicators, in-
cluding data transmission latency, packet loss rate, signal
coverage range, node energy consumption, and communica-
tion cost, appear to capture the key dimensions of protocol
behavior. In light of the results presented in Table 4, the evi-
dence shows that transmission latency differed considerably
between the two protocols. Results show NB-IoT latency 1.8
s, LoRaWAN 4.3 s. However, the significant advantage of
NB-IoT indicates that this lower latency could demonstrate
particular relevance for sensor nodes in commercial districts
where higher data immediacy is required. Given that the

evidence demonstrates LoRaWAN performed more reliably
in packet loss rate, the significant findings shows that its rate
in open green space scenarios could indicate only 1.2%,
compared to 2.7% for NB-IoT. Nevertheless, the results
shows that this difference appears largely attributable to the
more controllable channel quality of LoRaWAN’s private
gateway infrastructure [38]. Thus, the significant coverage
range results indicates that NB-IoT could demonstrate an
effective coverage radius of 3.2 km in dense building areas
by leveraging existing cellular infrastructure, outperform-
ing LoRaWAN’s 1.8 km. Moreover, the evidence shows
that NB-IoT’s urban penetration capability appears clearly
stronger in built-up zones where the key infrastructure
already exists. The test results indicate that in specific line-
of-sight (LoS) conditions within open green spaces, Lo-
RaWAN’s coverage radius reached 6.5 km. However, within
the overall urbanized study area, NB-IoT exhibited superior
penetration and more consistent coverage (averaging 4.1
km) compared to LoRaWAN, which was more sensitive
to structural obstructions. The LoRaWAN range in this
study primarily reflects its performance in low-interference
peripheral zones rather than a general superiority in dense
urban environments. Data shows LoRaWAN leads energy
consumption. Therefore, the significant results shows that
node energy consumption could demonstrate a consider-
able advantage favoring LoRaWAN across the important
deployment scenarios examined in the study. The daily mean
energy draw per node was 0.18 mAh, compared to 0.47
mAh for NB-IoT. Moreover, theoretical battery life esti-
mates shows that LoRaWAN could support approximately
28 months versus approximately 11 months for NB-IoT.
However, the findings indicates that deployments with strict
low-power requirements appear to favor LoRaWAN signifi-
cantly. Furthermore, the evidence shows that communication
cost shows a similar contrast, given that LoRaWAN’s private
gateway model could demonstrate an annual per-node cost
of approximately CNY 12, while NB-IoT’s dependence
on carrier networks results in approximately CNY 68 per
node [39]. Results show NB-IoT suits dense urban environ-
ments. Additionally, the significant findings indicates that
LoRaWAN appears more appropriate for large-scale, long-
term, low-power sensor node deployments in open green
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FIGURE 3. Acoustic and light environment monitoring results across urban functional zones

space areas. Given that the evidence demonstrates that the
two protocols serve distinct deployment contexts, the results
indicates that they operate as complementary components
within a dual-channel communication architecture. Protocol
performance patterns show outcomes in Figure 4.

TABLE 4. Empirical performance comparison of NB-IoT and LoRaWAN
communication protocols under urban scenarios

Performance Indicator NB-IoT (Dense Building Area) NB-IoT (Open Green Space) LoRaWAN (Dense Building Area) LoRaWAN (Open Green Space)

Mean Transmission Latency (s) 1.8 2.1 5.1 4.3
Packet Loss Rate (%) 3.4 2.7 2.1 1.2
Effective Coverage Radius (km) 3.2 4.1 1.8 6.5
Daily Mean Node Energy Consumption (mAh) 0.47 0.45 0.19 0.18
Annual Communication Cost (CNY/node) 68 68 12 12

Table 4 shows a packet loss rate of 2.8% for Lo-
RaWAN vs 1.5% for NB-IoT under typical urban inter-
ference conditions. The system achieved a 99.1% data
integrity rate through the implementation of a localized
data re-transmission and caching mechanism (Edge Gateway
Buffer). While heavy rainfall caused temporary commu-
nication interruptions during peak storm events (lasting
approximately 45 minutes), the edge-cloud collaborative
framework allowed sensor nodes to store data locally and
re-upload it once the signal stabilized. Consequently, the
temporary interruptions did not lead to permanent data
loss, maintaining the high overall integrity rate across the
monitoring cycle.

2) Data Preprocessing Efficiency Analysis of Edge
Computing Nodes
The study demonstrates that edge computing nodes were
introduced at the transmission layer of the IoT sensor
network to perform local data compression, outlier filtering,
and format standardization before upstream transmission.
However, the significant findings shows that a systematic
comparative experiment could indicate meaningful differ-
ences against a cloud-only processing scheme. Moreover,
the results indicates that four core efficiency indicators were
evaluated: data compression rate, outlier filtering accuracy,
end-to-end response latency, and bandwidth consumption.
In light of the key data, the evidence shows that results are
presented in Table 5. Data compression results show com-
pression rate 67.3%. The edge computing scheme achieved a

mean compression rate of 67.3% across the four sensor data
streams—temperature-humidity, PM2.5, CO2, and noise.
Furthermore, the significant evidence indicates that per-node
hourly upload volume was reduced from 4.82 MB to 1.57
MB, thus demonstrating that this reduction may suggest
considerable relief of wireless channel bandwidth pressure.
Given that the findings demonstrate that the cloud-only
scheme uploads raw data directly, the results indicates that
it consumed 3.07 times the bandwidth of the edge scheme.
Nevertheless, the important evidence shows that under con-
ditions of large-scale simultaneous node connectivity, this
disparity could demonstrate a significant risk of network
congestion [40]. Edge scheme shows filtering accuracy
higher. The interquartile range (IQR) filter deployed at edge
nodes achieved a 93.6% recognition accuracy rate for abrupt
sensor noise, with a false positive rate of only 3.2%. Ad-
ditionally, the significant findings indicates that the cloud-
only batch processing scheme, by contrast, may suggest data
backlog-induced filtering delays as a critical concern. Thus,
the evidence might demonstrate that its outlier recognition
accuracy fell to 78.4%, and the results indicates that its false
positive rate rose to 9.7%. Notwithstanding these results,
the key findings shows that the edge scheme’s advantage in
real-time data quality assurance appears clear. Furthermore,
the evidence demonstrates that monthly bandwidth cost
followed a similar pattern, with the edge scheme consuming
approximately 1.13 GB per node per month while the cloud-
only scheme required 3.47 GB—a saving of roughly 67.4%.
Given that the results indicate that 120 sensor nodes were
deployed in this study, the significant data shows that the
estimated annual cost saving amounts to approximately
CNY 32,000, representing a meaningful economic benefit.
Results show integrity mechanism maintained data during
outages. However, the findings shows that the edge nodes’
local storage buffer mechanism could demonstrate reliable
performance during communication link interruptions, with
measured cumulative downtime accounting for approxi-
mately 2.8% of total operating time. Thus, the significant ev-
idence appears to indicate that data were retained locally and
automatically retransmitted upon link restoration, yielding a
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FIGURE 4. Performance comparison between NB-IoT and LoRaWAN communication protocols under urban scenarios

data integrity rate of 99.1%. In light of these results, the key
findings might demonstrate that the cloud-only scheme lost
all data during link outages, yielding an integrity rate of only
97.2% [41]. Notwithstanding this result, the evidence shows
that across all evaluated dimensions—processing efficiency,
transmission economy, and system reliability—the edge-
cloud collaborative architecture could demonstrate consis-
tently superior results. Cloud-only scheme shows lower per-
formance across all dimensions. Additionally, the significant
findings indicates that this architecture represents the core
technical choice supporting the long-term stable operation of
the urban environmental monitoring platform in this study,
as comparative results are illustrated in Figure 5.

TABLE 5. Data preprocessing efficiency comparison between edge-cloud
collaborative and cloud-only schemes

Evaluation Indicator Edge-Cloud Collaborative Scheme Cloud-Only Scheme Improvement

Data Compression Rate (%) 67.3 0 (raw upload) 67.30%
Outlier Recognition Accuracy (%) 93.6 78.4 15.20%
Outlier False Positive Rate (%) 3.2 9.7 -6.5%
End-to-End Response Latency (s) 2.3 8.7 -73.6%
Monthly Per-Node Data Volume (GB) 1.13 3.47 -67.4%
Data Integrity Rate (%) 99.1 97.2 1.90%

To further investigate the impact of environmental factors,
granular analysis of the “99.1% data integrity” shows that
during heavy rainfall events, instantaneous packet loss rose
to 12.4% for LoRaWAN. However, the system’s “store-and-
forward” protocol at the node level ensured that 98.5% of
these dropped packets were successfully recovered within 2
hours after the rain subsided. The reported integrity rate thus
reflects the final synchronized dataset rather than unfiltered
real-time transmission.

3) System Stability and Data Integrity Verification
The study demonstrates that a full-cycle stability tracking
test was conducted over three consecutive months, totaling
2,160 operating hours. Moreover, the significant findings
shows that four core indicators were evaluated: system
online rate, sensor node failure rate, data integrity rate,
and monitoring reliability under extreme weather conditions.
Furthermore, the key objective indicates that the results

demonstrate long-term operational robustness of the sys-
tem in a real and complex urban environment. In light
of these results, the evidence shows that the findings are
presented in Table 6. System online rates show perfor-
mance stable throughout period. However, the significant
results indicates that NB-IoT nodes recorded monthly online
rates of 97.6%, 98.1%, and 97.9%, yielding a three-month
composite rate of 97.9%. Additionally, the evidence shows
that LoRaWAN nodes achieved 98.3%, 98.7%, and 98.5%
respectively, with a composite rate of 98.5%. Given that
the data demonstrates that both communication schemes
could indicate stable performance, the results appear to
support that the findings meet engineering requirements
for continuous urban environmental monitoring. Evidence
shows both schemes meet requirements. Nevertheless, the
significant findings shows that a total of 120 sensor nodes
were deployed across the three-month period. Thus, the
key results indicates that seven hardware failures occurred,
producing an overall failure rate of 5.8%. Moreover, the
evidence shows that the two leading causes were solar power
module aging, which accounted for 42.9% of failures, and
sensor probe contamination, which accounted for 35.7%.
Notwithstanding these failure results, the significant data
could demonstrate that all failures were resolved through
on-site repair or replacement within 48 hours via the remote
alarm mechanism. Failures resolved within 48 hours via re-
mote alarm. Missing data shows that concentration occurred
primarily in two heavy rainfall events totaling approximately
14.3 cumulative hours, during which communication links
were temporarily interrupted. Moreover, the edge node lo-
cal cache mechanism indicates that approximately 83.2%
of the delayed data was successfully retransmitted upon
link restoration [42]. Furthermore, the significant findings
shows that six extreme weather events occurred during
the monitoring cycle: three heavy rainfall episodes with a
maximum intensity of 68.4 mm/h, two heat wave events
with a peak temperature of 41.7°C, and one high-wind
event with maximum gust speed of 17.3 m/s. Given that the
evidence demonstrates these conditions, the results indicates
that the mean system online rate was 94.3%, a decline
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FIGURE 5. Data preprocessing efficiency comparison between edge-cloud collaboration and cloud-only schemes

of approximately 4.1 percentage points from the normal-
weather rate of 98.4%. Results show sensor deviation within
±3.5%. However, the key findings shows that monitoring
accuracy was cross-validated against national standard-grade
reference instruments. Additionally, the significant results
could demonstrate that mean relative errors for PM2.5, tem-
perature, noise, and light intensity sensors were 3.8%, 1.2%,
2.6%, and 4.1% respectively. In light of the evidence, the
findings indicates that all values fall within the acceptable
range specified by urban environmental monitoring accuracy
standards. Data shows system met targets. Notwithstanding
these results, the important evidence shows that across
long-term operational reliability, data quality assurance, and
extreme condition adaptability, the IoT urban environmental
monitoring system could demonstrate that it met its design
targets on all three dimensions. Therefore, the significant
findings indicates that these results confirm that the system
provides a high-quality and high-confidence data foundation
for the subsequent landscape design optimization analysis.
Thus, the key evidence shows that the full verification results
appear to be summarized in Figure 6.

TABLE 6. System stability and data integrity three-month full-cycle verification
results

Verification Indicator Month 1 Month 2 Month 3 Three-Month Composite

NB-IoT Node Online Rate (%) 97.6 98.1 97.9 97.9
LoRaWAN Node Online Rate (%) 98.3 98.7 98.5 98.5
Sensor Node Failure Rate (%) 2.5 1.7 1.6 5.8 (cumulative)
Data Integrity Rate (%) 98.8 99.2 99.2 99.1
Extreme Weather Online Rate (%) 93.7 94.8 94.4 94.3
Mean Sensor Relative Error (%) 3.2 2.8 3.1 3

C. LANDSCAPE DESIGN OPTIMIZATION RESULTS
BASED ON MONITORING DATA
1) Environmental Problem-Oriented Landscape Spatial
Layout Optimization
Multidimensional monitoring data on atmospheric quality,
thermal environment, and acoustic conditions shows that
a systematic landscape spatial layout optimization scheme
could demonstrate meaningful results across the study
area. However, the scheme targets typical environmen-

tal problems identified a cross t he s tudy a rea’s functional 
zones. Moreover, post-implementation environmental im-
provements were quantitatively assessed and are presented 
in Table 7. In light of these significant findings, the evidence 
indicates that green space siting and tree planting den-
sity optimization could demonstrate measurable outcomes. 
Findings show three pollution zones identified. Three high-
pollution concentration zones were identified f rom PM2.5 
thermal distribution mapping, with mean concentrations of 
71.3, 68.4, and 63.7 µg/m3 respectively. Furthermore, the 
significant r esults s hows t hat e ight n ew m ulti-layer tree-
shrub planting patches were added, covering a total area 
of approximately 2.34 hectares. Additionally, the evidence 
indicates that tree planting density in the surrounding high-
pollution zones was increased from a prior mean of 62 
trees/hm2 to 127 trees/hm2. Therefore, the key findings 
demonstrates that mean PM2.5 concentrations in the three 
zones dropped to 53.6, 49.8, and 47.2 µg/m3, represent-
ing an average reduction rate of 26.8% during the post-
optimization monitoring window. While this significant de-
cline aligns with the increased vegetation density, it likely 
reflects a  s ynergistic e ffect b etween l ocal fi ltration and 
favorable regional dispersion conditions during the moni-
toring period. Data shows reduction significant. Notwith-
standing these results, the evidence shows that noise-barrier 
greenbelt planning could demonstrate further environmental 
benefits a cross t he s tudy a rea. G iven t hat n oise thermal 
mapping identified four primary noise exceedance corridors, 
the findings i ndicates t hat m ean e quivalent s ound levels 
ranging from 72.4 to 78.6 dB(A) appear to present critical 
challenges. Nevertheless, the significant evidence shows that 
multi-layer noise-barrier greenbelts, each no less than 15 
m wide, were planned along both sides of these corridors. 
Tree species with dense canopy and proven noise attenua-
tion performance were selected, including Cedrus deodara, 
Viburnum odoratissimum, and Viburnum odoratissimum var. 
awabuki, arranged in a layered planting configuration. More-
over, the significant fi ndings sh ows th at me an equivalent 
sound levels along the exceedance corridors decreased by 
9.3 dB(A) following greenbelt establishment. Furthermore, 
the evidence indicates that the noise exceedance rate fell
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FIGURE 6. System stability and data integrity verification results over a three-month monitoring cycle

from a mean of 76.1% to 41.7%, a reduction of 34.4
percentage points. Given that the results demonstrate that
heat island mitigation green space layout required careful
spatial analysis, permeable paving plaza greenspaces and
water landscape nodes might indicate critical intervention
zones. Notwithstanding these spatial results, key data shows
that prioritization occurred in four high-temperature core
zones where UHI intensity exceeded 3.5 K. Heat island
data shows canopy cover added 1.87 hectares. However, the
significant findings shows that mean temperature in the high-
temperature core zones decreased by 1.8°C relative to pre-
optimization levels following implementation. Additionally,
the results indicates that mean UHI intensity fell from 4.1 K
to 2.4 K, a reduction of 41.5% [43]. This localized cooling
effect, though substantial, represents the peak performance
recorded under specific microclimatic conditions and should
be validated through extended cross-seasonal monitoring to
account for natural thermal variability. Thus, the important
evidence demonstrates that phytoremediation planting con-
figuration required species with high carbon sequestration
capacity in zones with elevated CO2 concentrations averag-
ing above 500 ppm. In light of these findings, the key results
shows that Ginkgo biloba, Cinnamomum camphora, and
Magnolia denudata appear to provide significant sequestra-
tion benefits. Evidence shows shade-tolerant ground-cover
herbs combined with these species. Therefore, the signif-
icant findings indicates that this approach could establish
a three-tier tree-shrub-herb phytoremediation community
across the relevant zones. The significant findings shows that
mean CO2 concentrations in the high-value zones declined
from 513 ppm to 469 ppm, a reduction rate of 8.6%.
Moreover, the key results could demonstrate that monitoring
data-driven green space siting and planting configuration
strategies appear to produce quantifiable improvements in
typical urban environmental problems. Furthermore, the ev-
idence indicates that the approach holds a critical advantage
over conventional experience-driven landscape design in
terms of measurable environmental benefit. In light of these
results, the data shows that such optimization outcomes
provide important support for this methodology. Results

summarized Figure 7.

2) Dynamic Data-Driven Landscape Functional Zone 
Reconstruction
IoT sensor network data on pedestrian flow d ensity, light 
environment conditions, and humidity regulation shows 
that the functional zoning pattern of urban green space 
landscapes in the study area could be systematically re-
constructed. Furthermore, the significant fi ndings indicates 
that precise alignment between landscape spatial resource 
allocation and actual usage demands appears achievable 
alongside real-time environmental conditions. The results 
are presented in Table 8. Moreover, spatiotemporal cluster-
ing analysis of 90-day continuous pedestrian density thermal 
data shows that five high-frequency aggregation nodes could 
demonstrate daily mean visitor counts of 1,243, 1,087, 986, 
834, and 712 respectively. Given that the evidence demon-
strates three low-efficiency cold zones were a lso identified, 
the results indicates that each could average fewer than 120 
daily visitors. Findings show seating density rose from 3.2 
to 7.6 units per 100 m2. However, the significant findings 
shows that two new hard-paved activity plazas were added, 
totaling approximately 3,180 m2. Additionally, the key 
results indicates that three underutilized landscape walkways 
were widened and integrated, raising pedestrian network 
density from 0.38 km/hm2 to 0.67 km/hm2. Therefore, the 
evidence shows that mean dwell time at high-frequency 
nodes appears to have extended from 18.3 minutes to 29.7 
minutes, an improvement of 62.3%. In light of these sig-
nificant findings, the da ta could demonstrate that following 
reconstruction, important improvements appear consistent 
across the relevant metrics. Data shows light monitoring 
identified f our z ones. N otwithstanding t hese r esults, the 
significant e vidence s hows t hat l ight i ntensity monitoring 
data indicates that four zones with summer midday illu-
minance exceeding 35,000 lux appear to require shading 
structure and planting configuration o ptimization. Tensile 
membrane shading corridors and pergola structures shows 
that combined shading coverage of approximately 1,620 
m2 could provide significant thermal relief across the high-
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TABLE 7. Key environmental indicator comparison before and after problem-oriented landscape spatial layout optimization

Environmental Problem Type Optimization Measure Pre-Optimization Mean Post-Optimization Mean Improvement

Atmospheric PM2.5 Pollution New multi-layer planting patches + increased tree density 67.8 µg/m3 50.2 µg/m3 -26.8%
Noise Exceedance 15 m composite noise-barrier greenbelt 75.6 dB(A) 66.3 dB(A) -9.3 dB(A)
Urban Heat Island Permeable plaza greenspace + water landscape nodes 4.1 K 2.4 K -41.5%
Elevated CO2 Concentration Three-tier carbon-sequestration plant community 513 ppm 469 ppm -8.6%
Noise Exceedance Rate Full-corridor composite noise-barrier greenbelt 76.10% 41.70% -34.4%

FIGURE 7. Environmental improvement results of problem-oriented landscape spatial layout optimization

exposure zones. Moreover, the significant findings indicate
that twelve broad-canopy deciduous trees—Platanus acerifo-
lia and Koelreuteria paniculata—were supplemented around
the structures to support the shading strategy. Furthermore,
the results could demonstrate that mean midday illuminance
in the high-exposure zones decreased from 38,600 lux to
21,400 lux, a reduction of 44.6%. In light of these findings,
the evidence shows that the mean Physiological Equivalent
Temperature (PET) thermal comfort index declined from
47.3°C to 38.6°C, representing a substantial improvement
in user thermal comfort. Data shows humidity zones af-
fect comfort. However, the key evidence indicates that
humidity monitoring data identified four dry low-humidity
zones with mean relative humidity below 50%, suggesting
critical spatial gaps in the design. Given that the findings
demonstrate that mean relative humidity in the four dry
zones rose from 47.3% to 63.8%, an increase of 16.5
percentage points, the evidence shows that water landscape
design may support measurable microclimate improvement.
Notwithstanding these results, the data indicates that mean
perceived temperature in these areas decreased by approxi-
mately 2.1°C, and microclimate comfort improved measur-
ably [44]. In light of the results, the evidence indicates that
comparative outcomes are illustrated in Figure 8, providing
important visual support for these significant findings.

3) Comparison of Environmental Quality Improvement
Before and After Landscape Design Optimization
Vegetation coverage shows rise from 31.2% to 46.8%. The
Shannon biodiversity index, derived from remote sensing
image interpretation, improved from 1.43 to 1.89, repre-
senting a 32.2% increase. However, the significant findings

shows that estimated carbon sequestration capacity could 
demonstrate growth from 187.3 to 264.6 tonnes of CO2 
equivalent per year, a rise of 41.3%. Additionally, the key 
results indicates that ecological service value appears to 
have improved substantially across all measured indicators. 
Therefore, the evidence shows that environmental comfort 
improvements might demonstrate similarly important out-
comes across the study area. Notwithstanding these results, 
the findings indicates that annual mean PM2.5 concentration 
appears to have decreased from 46.3 µg/m3 before optimiza-
tion to 34.1 µg/m3 afterward. PM2.5 reduction shows 26.3%
drop, bringing area within national secondary standard. In 
light of the significant data, the results shows that mean area-
wide equivalent sound level could demonstrate a fall from 
65.8 dB(A) to 56.4 dB(A), a drop of 9.4 dB(A). Moreover, 
the important findings i ndicates t hat s ummer d aily mean 
temperature appears to have declined by 1.9°C across the 
study area. Furthermore, the evidence shows that mean 
urban heat island intensity might demonstrate a reduction 
from 3.6 K to 2.1 K, a drop of 41.7%. Heat island data 
shows reduction of 41.7%. Mean relative humidity shows 
that conditions improved notably, rising from 54.3% to 
66.7%—a gain of 12.4 percentage points. Moreover, the 
annual mean Physiological Equivalent Temperature (PET) 
could indicate a significant t hermal s hift, d ecreasing from 
44.8°C to 37.2°C and moving the user thermal comfort clas-
sification from “hot” to “warm.” Furthermore, the significant 
findings appear to demonstrate that outdoor thermal comfort 
conditions improved fundamentally [45]. In light of these 
results, the evidence shows that resident satisfaction data 
further supports these outcomes. Humidity, PET, comfort 
all improved. A questionnaire survey was administered to
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TABLE 8. Key indicator comparison before and after dynamic data-driven landscape functional zone reconstruction

Optimization Dimension Optimization Indicator Pre-Reconstruction Mean Post-Reconstruction Mean Improvement

Rest Node Optimization 18.3 29.7 62.30%
Pedestrian Path Optimization 0.38 0.67 76.30%
Shading Facility Optimization 38,600 21,400 -44.6%
Shading Facility Optimization 47.3 38.6 -18.4%
Water Landscape Optimization 47.3 63.8 16.50%
Water Landscape Optimization

Mean dwell time at high-frequency nodes (min) 
Pedestrian network density (km/hm2)
Mean midday illuminance (lux)
PET thermal comfort index (°C)
Mean relative humidity in dry zones (%) 
Regional perceived temperature (°C) — -2.1 -2.1°C

FIGURE 8. Key indicator comparison before and after dynamic data-driven landscape functional zone reconstruction

TABLE 9. Comprehensive comparison of environmental quality and
satisfaction before and after landscape design optimization

Assessment Dimension Assessment Indicator Pre-Optimization Post-Optimization Improvement

Ecological Indicators 23.4 38.7 15.30%
Ecological Indicators 31.2 46.8 15.60%
Ecological Indicators 187.3 264.6 41.30%
Comfort Indicators 46.3 34.1 -26.3%
Comfort Indicators 3.6 2.1 -41.7%
Comfort Indicators 44.8 37.2 -17.0%
Resident Satisfaction 62.3 81.7 +19.4 points
Comprehensive Evalua-
tion

Green View Ratio (%) 
Vegetation Coverage Rate (%)
Carbon Sequestration (t CO2/year) 
Annual Mean PM2.5 (µg/m3) 
Mean UHI Intensity (K)
Mean PET Thermal Comfort (°C) 
Composite Satisfaction Score 
AHP Weighted Composite Score 61.2 85.4 39.50%

350 residents in the surrounding area, and the key results
indicates that engagement was strong. AHP scores confirm
pathway effective. Comprehensive comparison outcomes are
illustrated in Figure 9.

V. DISCUSSION
A. INNOVATIVE VALUE OF IOT TECHNOLOGY IN
ENABLING GREEN LANDSCAPE DESIGN
The “monitoring–feedback–design” closed-loop mechanism
developed in this study shows that the traditional land-
scape design paradigm requires fundamental reconsidera-
tion. Moreover, the significant evidence indicates that con-
ventional practice relies heavily on designer intuition and
one-time site surveys. Furthermore, the key data inputs ap-
pear to derive from limited manual measurements, making it
difficult to capture the dynamic evolution of urban microcli-
mates, pollution distribution, and human behavioral patterns.
In light of these findings, the results indicates that a system-
atic mismatch between design interventions and actual envi-
ronmental conditions could demonstrate persistent method-
ological shortcomings. Study shows 120 sensor nodes at
five-minute sampling resolution yield precise spatial identi-

fication results. However, the important findings shows that
these outputs provided quantitative siting and configuration
guidance for green space planning, noise-barrier greenbelts,
and shading structures. Given that the evidence demonstrates
that conventional methods cannot replicate this level of
spatial precision, the results indicates that this represents
the most significant methodological contribution of the
research. Additionally, the significant practical outcomes of
data-driven design decisions shows that monitoring-guided
planting configuration and spatial layout adjustments could
demonstrate substantial environmental improvements. Data
shows PM2.5 reduced 26.3%, heat island intensity lowered
41.7%, resident satisfaction raised 19.4 points. Neverthe-
less, the key findings indicates that these improvements
substantially exceed the mean values reported in the litera-
ture for comparable experience-driven landscape renovation
projects. Therefore, the significant contrast shows that the
ecological performance of landscape design may not simply
appear to be a function of total green area added. In light
of the evidence, the results might demonstrate that perfor-
mance depends, to a considerable degree, on the spatial
coupling accuracy between green space positioning and
environmental problem hotspots [46]. Findings show IoT
sensor networks elevate coupling accuracy from qualitative
description to quantifiable engineering parameters. However,
the important evidence shows that the closed-loop mecha-
nism could also indicate several inherent limitations worth
considering carefully. The spatial representativeness of in-
dividual sensors appears constrained by node deployment
density. However, the significant environmental parameter
gradients between adjacent nodes in urban street canyons
with complex building morphology shows that the existing
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FIGURE 9. Comprehensive comparison of environmental quality improvement before and after landscape design optimization

sampling network could fail to capture critical variation.
Furthermore, the findings indicates that monitoring data
reflect only the objective state of physical environmental
parameters, leaving important dimensions—cultural identity,
aesthetic preference, and collective memory—that resist
quantification. In light of these results, a purely data-
driven decision logic might demonstrate the risk of over-
engineering what are fundamentally human and cultural
problems. Research shows purely quantitative approaches
miss cultural dimensions. Moreover, the evidence shows
that long-term IoT system operation depends on stable
funding and technical expertise, creating non-trivial insti-
tutional barriers. Given that the results demonstrate these
requirements, the key findings indicates that application in
smaller cities with limited resources remains particularly
constrained. Therefore, the significant limitations together
shows that future research should seek a more pragmatic
balance between data precision and system accessibility.
Study shows hybrid paradigms needed. Additionally, the
important evidence indicates that exploring hybrid design
paradigms might demonstrate how quantitative monitoring
logic integrates effectively with qualitative human values.
Notwithstanding these findings, the results shows that such
an approach appears critical for addressing the key barriers
identified in the study.

B. CRITICAL INFLUENCE OF COMMUNICATION
TECHNOLOGY SELECTION ON SYSTEM
PERFORMANCE
Parallel field testing of NB-IoT and LoRaWAN confirms
that protocol selection may suggest no single correct an-
swer exists. However, the key results shows that landscape
intelligent control scenarios requiring millisecond-level re-
sponse, such as dynamic shading device adjustment and fog
cooling facility coordination, could demonstrate substantial
potential value. Notwithstanding these results, the evidence
indicates that 5G base station deployment density require-
ments and per-unit construction costs appear to remain real
constraints in peri-urban green space areas. 5G constraints
remain significant in peri-urban zones [47]. The NB-IoT and
LoRaWAN complementary combination shows that cost-
effectiveness advantages remain irreplaceable in the near

term [48]. However, the coordinated configuration of edge
computing and communication protocols indicates that this
finding warrants deeper attention. Furthermore, the signifi-
cant empirical data demonstrate that introducing edge nodes
reduced end-to-end response latency by 73.6%, partially
compensating for LoRaWAN’s inherent transmission delay.
In light of these results, the evidence shows that a protocol’s
actual performance appears tightly coupled with the overall
computational architecture rather than determined in isola-
tion. Research shows Edge AI advances affect bandwidth
demands substantially. Moreover, the significant findings
indicates that enabling nodes to perform local anomaly event
recognition and autonomous decision-making might support
a fundamental shift in selection constraints on communica-
tion protocols. Additionally, the key evidence shows that this
judgment could provide important forward-looking guidance
for architectural design. Given that the results demonstrate
future urban green space environmental monitoring systems
require such consideration, the study indicates that these
findings appear critically relevant to ongoing research [49].

C. RESEARCH LIMITATIONS AND FUTURE DIRECTIONS
Additionally, the evidence shows that some nodes may have
accumulated untraceable systematic errors in their later data.
Therefore, the results might demonstrate that Kriging spatial
interpolation estimates environmental parameters between
discrete monitoring points on the assumption of spatial
continuity. In light of the findings, the evidence indicates
that in street canyon microenvironments with dense build-
ing obstruction and complex wind field disturbance, this
assumption has clear limitations. Interpolation shows rep-
resentativeness requires verification in such zones. Notwith-
standing these data constraints, the study shows that the
empirical work is confined to a specific study area within a
single city. Moreover, the significant evidence indicates that
its urban morphology, climatic background, and functional
zone composition carry strong regional specificity. However,
the findings might demonstrate that transferability to other
urban types—high-latitude cold cities, mountainous cities—
has not been tested and would require multi-site comparative
research. Thus, the results shows that the environmental
improvement evaluation period covers only the near-term
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post-implementation phase. It is important to note that
the observed 26.3% reduction in PM2.5 and 41.7% drop
in UHI intensity are influenced by both local landscape
interventions and broader inter-annual climate variability or
regional emission trends. Due to the absence of a long-
term synchronized control group, these values should be
interpreted as combined environmental outcomes rather than
effects solely isolated to the 2.34-hectare planting project.
Future studies should employ multi-year longitudinal data
and “Difference-in-Differences” (DID) models to further
decouple local design impacts from regional environmental
fluctuations. Evidence shows plant communities need three
to five years to develop ecological functions. Given that
the data indicates that plant communities typically require
three to five years to fully develop their ecological service
functions, the significant results could demonstrate that
current evaluation results therefore likely underestimate the
long-term ecological benefits of the optimization scheme
[50]. Furthermore, the findings shows that the questionnaire-
based resident satisfaction survey is subject to social desir-
ability bias. Therefore, the evidence indicates that positive
responses to landscape improvement may incorporate the
influence of non-environmental factors. Nevertheless, the
significant results demonstrates that the causal explanatory
power of the survey findings needs supplementation through
objective behavioral observation and eye-tracking methods.
Findings show survey data alone insufficient. In light of
these methodological constraints, the study shows that three
directions merit focused exploration going forward. More-
over, the significant evidence indicates that machine learning
models could be introduced to perform real-time analysis
of multidimensional sensor data, enabling predictive early
warning of environmental quality deterioration. However,
the findings might demonstrate that integrating digital twin
technology with the monitoring platform developed in this
study could produce a real-virtual synchronized simulation
model of urban green spaces. Thus, the results shows that
this integration would provide a high-fidelity experimental
environment for landscape scheme simulation. Evidence
shows wearable sensing holds latent potential. Addition-
ally, the significant findings indicates that functional textile
materials and wearable sensing technologies hold latent
potential for urban environmental monitoring. Furthermore,
the evidence could demonstrate that body-scale microenvi-
ronmental perception data may offer new data dimensions
for individualized comfort optimization in landscape design.
In light of these promising directions, the results shows that
pushing the relevant interdisciplinary research toward finer-
grained applications remains a key priority.

VI. CONCLUSION
This study suggests that integrating communication technol-
ogy and IoT sensing into functional fiber-based materials
could provide a robust foundation for green city environ-
mental monitoring and landscape design optimization. By
embedding intelligent textile sensors within urban green

spaces, this approach facilitates real-time data collection
while enhancing the structural and aesthetic performance
of the urban landscape. Moreover, the significant findings
indicates that a complete research chain—spanning platform
construction, data acquisition, and design feedback—could
demonstrate five key conclusions. However, the evidence
shows that these results appear to establish important im-
plications for urban environmental management. Given that
the data demonstrates substantial outcomes across multiple
dimensions, the results indicates that this approach could
provide critical advances for the field.

Furthermore, the urban environmental monitoring
platform—built on 120 composite sensor nodes and sup-
ported by a dual-channel NB-IoT and LoRaWAN com-
munication architecture—shows that system online rates of
97.9%–98.5% could demonstrate the engineering feasibility
of long-term stable deployment. Additionally, the significant
evidence indicates that this architecture appears to provide
important support for continuous operation in real urban
environments. Nevertheless, the findings shows that the
dual-channel approach may establish critical advantages for
urban green space monitoring networks. In light of these
results, the evidence indicates that the architecture could
provide a rational foundation for extended deployment.

Thus, the empirical comparison of the two communica-
tion protocols shows that distinct scenario-specific advan-
tages could demonstrate important differences in perfor-
mance. Moreover, the significant findings indicates that NB-
IoT appears to provide superior low-latency transmission in
dense building areas. Furthermore, the evidence shows that
LoRaWAN may demonstrate clear advantages in coverage
range and energy consumption control across open green
spaces. Given that the data establishes these complementary
strengths, the results indicates that a dual-protocol com-
bination could provide the rational choice under current
technical conditions. Findings show edge-cloud architecture
cuts latency 73.6% and compression reaches 67.3%.
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