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Abstract 

Ecological civilization education has become an important component of environmental 
education and sustainable development strategies in China. Field-based learning in real 
ecological environments is essential for helping students understand ecological processes 
and human–environment relationships. However, limited attention has been paid to 
whether schools can spatially access ecological learning sites within feasible travel-time 
ranges, especially in plateau and mountainous regions where transportation constraints 
are strong. From the perspective of ecosystem service flow, forest parks can be regarded 
as supply sites of ecological learning services, secondary schools as demand sites, and 
road networks as the pathways through which such services are transformed into actual 
educational opportunities. To address this gap, this study evaluates the accessibility of 
forest-park-based ecological learning resources for secondary schools in the Tibet Auton-
omous Region, China. Taking 11 national forest parks and 137 secondary schools as re-
search objects, a network-based travel-time model was constructed using road network 
data, and 1 h, 3 h, and 6 h service areas were generated to assess forest park service capac-
ity and school accessibility. The results show that forest park educational service capacity 
is highly uneven. Nimu, Jiedexiu, and Caina Forest Parks have the highest service capac-
ity, each covering more than 60 secondary schools within 6 h, while nearly half of the 
parks show relatively limited coverage. School accessibility also presents a clear core–pe-
riphery pattern, with high-accessibility schools concentrated around Lhasa and nearby 
transport corridors, whereas many schools in western and northern Tibet remain outside 
the 6 h service range. Based on the accessibility levels, differentiated field education strat-
egies are proposed, including short field observation, one-day field trips, cross-regional 
fieldwork, and virtual or school-based alternatives. This study provides a spatial analyti-
cal framework for understanding the flow of ecological learning services from forest parks 
to schools and offers evidence for optimizing geography field education and improving 
equitable access to ecological civilization education in mountainous regions. 
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1. Introduction 
China has experienced rapid urbanization, accompanied by the continued expansion 

of urban agglomerations and the increasing concentration of population and socioeco-
nomic activities [1]. This process has substantially transformed land-use patterns and in-
tensified concerns regarding ecological degradation and biodiversity conservation, high-
lighting the need to better integrate urban development with ecological planning [2]. 
Against this background, ecological civilization construction has become a core national 
strategy in China, integrating environmental protection, sustainable development, and 
education reform [3–5]. Within this framework, ecological civilization education has been 
increasingly emphasized as an important pathway to cultivate environmental literacy, 
spatial thinking, and human–nature awareness among students [4,5]. However, despite 
its policy importance, ecological education in schools is still predominantly delivered 
through classroom-based instruction, which limits students’ direct engagement with nat-
ural environments. This is a critical limitation because ecological learning is inherently 
experiential and place-based, requiring direct interaction with ecosystems to fully under-
stand ecological processes and human–environment relationships [6,7]. Recent studies in 
outdoor learning and environmental education consistently demonstrate that field-based 
learning significantly enhances students’ cognitive understanding, environmental aware-
ness, and socio-emotional development compared to classroom-only instruction [6–8]. 
However, access to outdoor learning environments is spatially uneven, and schools often 
face constraints such as safety requirements, supervision capacity, transportation condi-
tions, and the need to complete field activities within limited time (e.g., one-day round 
trips). As a result, spatial accessibility has become a key determinant of whether ecological 
education can be effectively implemented outside the classroom [8,9]. Therefore, assessing 
the accessibility between schools and ecological sites is essential for translating ecological 
education policies into practical learning opportunities. 

Recent studies on outdoor learning and nature-based education have highlighted the 
importance of natural environments in supporting students’ experiential learning, envi-
ronmental awareness, and place-based understanding [6]. Forest parks, scenic areas, and 
other natural landscapes are also widely recognized as important spatial carriers for rec-
reation, tourism experience, and informal learning activities [10,11]. In parallel, accessibil-
ity analysis has become a fundamental approach in geography and spatial planning for 
evaluating the ease of reaching spatially distributed resources under real transportation 
constraints [12]. This approach has been widely applied in studies of park green spaces 
and public facilities to identify spatial disparities in resource access and service provision 
[13]. However, existing studies mainly focus on tourism development, recreational behav-
ior, or urban service equity, while limited attention has been given to the accessibility re-
lationship between educational institutions and natural environments for field-based 
learning purposes. Therefore, further research is needed to integrate accessibility analysis 
into outdoor education contexts in order to better understand how spatial constraints in-
fluence the feasibility of geography field-based education. 

Because accessibility analysis emphasizes the spatial linkage among resource loca-
tions, potential users, and connecting pathways, its analytical logic is closely related to the 
concept of ecosystem service flow. Ecosystem service flow refers to the process through 
which ecosystem services are transferred from ecological supply areas to human demand 
areas and are ultimately perceived, accessed, or used by beneficiaries [14]. For recreation-
related ecosystem services, this process is particularly dependent on spatial mobility be-
cause the realization of recreational value requires not only the existence of ecological re-
sources but also actual visits, experiences, and interactions with natural spaces [10,15]. 
Existing studies have further shown that recreational ecosystem services are closely asso-
ciated with human well-being, cultural experience, and practical landscape governance, 
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while mismatches between supply and demand may reduce the effective use of such ser-
vices [16]. In outdoor recreation management, coordinating recreational supply and de-
mand has also been regarded as important for improving conservation, health, and acces-
sibility outcomes [17]. In the context of field-based geography education, forest parks can 
therefore be regarded as the supply areas of recreation and ecological learning services, 
secondary schools as the demand areas, and road networks as the flow pathways connect-
ing the two. Moreover, in mountainous ecological regions, landscape connectivity 
strongly shapes the organization of ecological spaces and the possibility of human–nature 
interaction [18]. Accordingly, introducing ecosystem service flow into accessibility analy-
sis helps reinterpret school–forest park accessibility not merely as a transportation issue 
but as a spatial process through which ecological resources are transformed into practical 
geography field-education opportunities. 

The conceptual framework links three complementary bodies of scholarship. Place-
based and field-based geography education explains the pedagogical value of direct en-
gagement with landscapes and human–environment relationships, while research on na-
ture-specific outdoor learning emphasizes that learning outcomes depend on the setting 
and the way outdoor experiences are organized [19]. The cultural ecosystem service per-
spective identifies experiential, interpretive, recreational, and educational benefits that 
people obtain through interaction with ecological environments, whereas recent ecosys-
tem service research distinguishes potential supply from flow and actual use [20]. Inte-
grating these perspectives, this study treats educational opportunity as a relational out-
come among ecological resource supply, school demand, and the spatial pathway that 
enables students and teachers to reach and use natural sites. Accessibility is therefore in-
terpreted as a necessary spatial condition for place-based ecological learning, rather than 
as a complete measure of actual educational participation. 

Tibet provides a particularly suitable empirical context for examining the accessibil-
ity of forest-park-based geography field education. As an ecologically important plateau 
region, it supports diverse ecosystems and key ecological functions, while its high-altitude 
terrain and uneven transportation network create substantial spatial constraints on the 
educational use of ecological resources [21–23]. Against this background, this study takes 
national forest parks and secondary schools in Tibet as the research objects, constructs a 
network-based travel-time accessibility model, and evaluates both forest park service ca-
pacity and school accessibility. The purpose is to identify spatial mismatches between eco-
logical learning resources and educational demand and to provide spatial evidence for 
differentiated geography field-education planning. 

Accordingly, this study makes three contributions. Conceptually, it extends the eco-
system service flow perspective to geography field education by explicitly linking ecolog-
ical learning-resource supply, school demand, and network-constrained connections. 
Methodologically, it combines a supply-side assessment of how many schools each park 
can potentially serve with a demand-side assessment of each school’s minimum travel 
time to the park system. From an applied perspective, it translates the resulting accessi-
bility structure into differentiated field-education strategies, providing a transferable 
framework for diagnosing spatial mismatches between ecological learning resources and 
educational demand in geographically constrained regions. 

In this study, educational implications are organized across three linked dimensions. 
The first concerns teaching organization: accessibility conditions can inform differentiated 
combinations of inquiry-based, project-based, place-responsive, and hybrid field–virtual 
learning. The second concerns curriculum integration: field activities can be organized as 
sequenced pre-field preparation, on-site investigation, and post-field analysis that connect 
geography with ecology, environmental science, and civic inquiry. The third concerns as-
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sessment and organizational support: learning can be documented through field note-
books, portfolios, maps, group reports, and reflective tasks, while implementation may be 
supported through teacher preparation, risk planning, park–school collaboration, and 
shared regional facilities. Accessibility analysis does not demonstrate that these educa-
tional practices are already implemented; rather, it provides spatial evidence for identify-
ing feasible educational options under different geographic constraints. 

2. Materials and Methods 
2.1. Study Area 

The Tibet Autonomous Region is located in southwestern China and occupies the 
main part of the Qinghai–Tibet Plateau (Figure 1a). It covers approximately 1.22 million 
km2 and is characterized by high elevation, complex terrain, large topographic gradients, 
and fragile plateau ecosystems (Figure 1b). The region includes extensive mountains, val-
leys, forests, wetlands, grasslands, and river systems, forming an important ecological se-
curity barrier in China and supporting key ecosystem functions such as water conserva-
tion, biodiversity maintenance, climate regulation, and soil conservation [21,22]. These 
geographical and ecological characteristics make Tibet a representative region for exam-
ining the relationship between ecological resources and educational use. 

 

Figure 1. Study area and spatial context of the Tibet Autonomous Region, China. Subfigure (a) 
shows the location of Tibet within China; (b) presents the digital elevation model (DEM) of Tibet; 
and (c) illustrates the road network and distribution of national forest parks in the study area. 

In this study, national forest parks in Tibet were selected as ecological learning re-
source sites (Figure 1c). Forest parks integrate natural landscapes, forest ecosystems, rec-
reational functions, and environmental interpretation, making them suitable spatial carri-
ers for geography field education and ecological civilization education. Secondary schools 
were selected as the educational demand points because they are directly related to geog-
raphy curriculum implementation and field-based learning activities. However, Tibet’s 
high-altitude terrain and uneven road network conditions create considerable spatial con-
straints for schools attempting to use forest parks as outdoor learning sites [23]. Therefore, 
evaluating the travel-time accessibility between secondary schools and national forest 

https://doi.org/10.3390/land15081389


Land 2026, 15, 1389 5 of 21 
 

https://doi.org/10.3390/land15081389 

parks can help identify which schools are able to access ecological learning resources 
within feasible field-trip time thresholds. 

This study focuses on 11 national forest parks and 137 secondary schools in Tibet. 
Based on the road network, travel-time service areas were constructed to evaluate the spa-
tial service ranges of each forest park for geography field education. The study area pro-
vides a typical plateau context for exploring how ecological resources, school demand, 
and transportation conditions jointly shape the feasibility of field-based geography edu-
cation. 

2.2. Data Sources 

The data used in this study mainly include administrative boundary data, national 
forest park data, secondary school data, and road network data. Administrative boundary 
data for the Tibet Autonomous Region and its prefecture-level units were obtained from 
the National Catalogue Service for Geographic Information (https://www.webmap.cn/) 
and were used to define the study area and support cartographic visualization. National 
forest park data were compiled from official information published by the National For-
estry and Grassland Administration (https://www.forestry.gov.cn/) and the People’s Gov-
ernment of the Tibet Autonomous Region (https://www.xizang.gov.cn/). These data were 
used to represent the supply side of ecological learning resources, including 11 forest 
parks in Tibet. Secondary school data were obtained from Point of Interest (POI) datasets 
provided by the Amap Open Platform (https://lbs.amap.com/) and comprised a total of 
137 secondary schools. These data represent the demand side of geography field educa-
tion and cover junior secondary schools, senior secondary schools, complete secondary 
schools, nine-year schools, and twelve-year schools. Each school was geocoded and veri-
fied to ensure spatial accuracy before analysis. Road network data were obtained from 
OpenStreetMap (OSM; https://www.openstreetmap.org/) and used to construct the 
travel-time-based accessibility model. All spatial datasets were checked, standardized, 
and projected into a unified coordinate system before analysis. Spatial data processing, 
network accessibility analysis, service area calculation, and map visualization were con-
ducted using ArcGIS Pro 3.0.2 with the Network Analyst extension (Esri, Redlands, CA, 
USA). To improve network consistency, OSM road classes were standardized before im-
pedance assignment, and school and park access points were connected to reachable road-
network locations before service-area analysis. The model is therefore intended as a re-
gional-scale estimate of potential spatial accessibility. No region-wide dataset of observed 
school field trips, GPS travel times, or administrative trip records was available for exter-
nal behavioral validation. The selected park access points represent the road-network en-
trances at which external travel is considered complete. Therefore, the modeled travel 
time covers the school-to-park access stage but does not include movement from the en-
trance through internal park roads or trails to specific ecological teaching sites. This 
boundary is made explicit so that the service areas are interpreted as external network 
accessibility rather than complete door-to-learning-site travel time. 

2.3. Research Framework 

This study develops a four-stage conceptual and analytical framework linking eco-
logical learning-resource supply, network-constrained potential service flows, empirical 
accessibility evaluation, and differentiated geography field-education design (Figure 2). 
At the conceptual level, forest parks are treated as the supply nodes of ecological learning 
resources, secondary schools as the demand nodes of field-based geography education, 
and road networks as the spatial pathways connecting supply and demand. Network 
travel time represents the spatial impedance constraining potential park–school connec-
tions. Accessibility is therefore interpreted as a necessary spatial condition for ecological 

https://doi.org/10.3390/land15081389


Land 2026, 15, 1389 6 of 21 
 

https://doi.org/10.3390/land15081389 

learning opportunities rather than as evidence of actual field-trip participation or learning 
outcomes. 

At the analytical level, administrative boundaries, forest parks, secondary schools, 
and road networks are integrated into a unified spatial database. A network-based travel-
time model is then constructed under the 1 h, 3 h, and 6 h scenarios, from which a potential 
park–school connection matrix is generated. The matrix is evaluated from both the supply 
and demand sides. The supply-side assessment measures the number and travel-time 
composition of schools potentially served by each forest park, whereas the demand-side 
assessment identifies the minimum travel time from each school to the forest park system. 

The analysis produces three complementary empirical outputs: the regional pattern 
of travel-time service areas, park-level educational service capacity, and school-level ac-
cessibility. Based on minimum travel time, schools are classified as having high accessi-
bility (≤1 h), medium accessibility (1–3 h), low accessibility (3–6 h), or being uncovered (>6 
h or not connected within the study threshold). These accessibility classes provide the 
analytical basis for differentiated field-education design, including curriculum-embedded 
and repeated inquiry for highly accessible schools, integrated field modules for medium-
accessibility schools, regional field-learning hubs and inter-school cooperation for low-
accessibility schools, and local or hybrid alternatives for uncovered schools. These strate-
gies represent accessibility-informed educational options whose implementation addi-
tionally depends on school resources, transportation arrangements, safety, weather con-
ditions, and institutional support. 

 

Figure 2. Research framework of this study. 
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2.4. Methods 

2.4.1. Ecosystem Service Flow and Park–School Accessibility 

Following the distinction among ecosystem service supply, demand, flow, and use 
[24,25], the park–school pair is adopted as the basic unit of analysis. For each pair, the 
model estimates whether a potential educational service connection can be established 
under a specified network travel-time threshold. The potential connection between forest 
park i and secondary school j is expressed as follows [14]: 

𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 = 𝑓𝑓�𝑆𝑆𝑖𝑖 ,𝐷𝐷𝑗𝑗 ,𝑇𝑇ij� (1) 

where ESFij represents the potential educational ecosystem service connection between 
forest park i and school j; Si represents the availability of the forest-park supply node; Dj 
represents the presence of the secondary-school demand node; and Tij represents the net-
work travel-time cost between the two nodes. Because comparable park-level educational 
quality scores and school-level demand weights are unavailable, Si and Dj are treated as 
presence terms, while variation in potential connections is determined by Tij and the sce-
nario threshold. 

For a travel-time threshold t, a binary potential connection Cij(t) is assigned a value 
of 1 when the modeled minimum travel time Tij is less than or equal to t and 0 otherwise. 
Aggregation across schools provides the park-side service-capacity indicator, whereas 
minimization across parks provides the school-side accessibility indicator. 

At the network level, the binary connection matrix is summarized using the total 
number of potential connections F(t), connection density R(t) = F(t)/(mn), and the incre-
ment in connections between adjacent travel-time scenarios. Here, m = 11 represents the 
number of forest parks, and n = 137 represents the number of secondary schools. These 
indicators quantify the scenario-dependent spatial possibility of educational service con-
nections; they do not represent actual visits, participation frequency, visitor volume, or 
observed learning outcomes. 

2.4.2. Network-Based Travel Time Accessibility Model 

A network-based approach was adopted to evaluate spatial accessibility between sec-
ondary schools and national forest parks. Unlike Euclidean distance methods, the net-
work analysis considers real-world transportation constraints, including road geometry 
and travel impedance [26]. 

The road network was modeled as a directed weighted graph, where road segments 
represent edges and intersections represent nodes. Travel time was assigned as the im-
pedance weight for each edge, reflecting realistic transportation conditions in mountain-
ous regions. The shortest path algorithm was applied to compute the minimum travel 
time between each forest park and secondary school using ArcGIS Network Analyst. 

The travel time for each road segment is calculated as follows [27,28]: 

𝑇𝑇 =
𝐿𝐿
𝑉𝑉

× 60 (2) 

where T is travel time (minutes), L is road length (km), and V is the assumed average 
travel speed (km/h) based on road type. 

To make the impedance model reproducible, road-class-specific average operating 
speeds were assigned as follows: motorway, 80 km/h; trunk, 70 km/h; primary, 60 km/h; 
secondary, 50 km/h; tertiary, 40 km/h; unclassified and residential roads, 30 km/h; service 
roads, 20 km/h; and tracks, 15 km/h. The values are regional-scale operating assumptions 
rather than statutory speed limits or real-time observations. They preserve the functional 
hierarchy among OSM road classes while adopting conservative speeds for the plateau–
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mountain context. As a result, the travel-time surface should be interpreted as a static 
regional accessibility scenario, not as a prediction of any specific trip. 

Because road conditions vary across seasons and routes, these class-based speeds are 
used only to establish a transparent baseline scenario. No uniform seasonal correction fac-
tor was imposed because snow, rainfall, slope failure, maintenance, and traffic regulation 
affect different road segments unevenly, and reliable region-wide time-specific speed data 
were unavailable. Classification uncertainty is expected to be greatest for park–school 
pairs whose modeled travel times lie close to the 1 h, 3 h, or 6 h boundaries. Accordingly, 
the service classes should be interpreted as planning bands rather than exact operational 
guarantees. 

This network-based approach allows for a more realistic representation of accessibil-
ity in Tibet, where terrain complexity and road connectivity strongly influence travel effi-
ciency. 

2.4.3. Service Area Construction 

Service areas were generated around each forest park to represent the spatial extent 
of accessible ecological learning resources within given travel-time thresholds [29]. Unlike 
buffer-based methods, network service areas follow actual road connectivity, ensuring 
that accessibility reflects real travel conditions. 

The educational interpretation of the thresholds is based on a trip time-budget logic 
rather than on the assumption that the same cutoffs apply to every school. Let A = H − 2T 
− O, where A is the time remaining for on-site learning, H is the total time window avail-
able for the activity, T is one-way network travel time, and O represents loading, breaks, 
meals, safety checks, and other non-teaching overhead. Because H and O vary among 
schools, the thresholds are used as scenario bands, not as empirical universal cutoffs. The 
≤1 h band indicates comparatively favorable conditions for routine or half-day use; the 1–
3 h band ranges from full-day feasibility at its lower end to extended-day or overnight 
organization near its upper end; and the 3–6 h band is more realistically associated with 
multi-day or regional-hub programs. This interpretation is consistent with outdoor and 
place-responsive learning research emphasizing that duration, organization, and local 
context jointly shape implementation. 

The service area for each forest park is defined as 

𝑆𝑆𝐴𝐴𝑖𝑖 = {𝑥𝑥 ∈ 𝑅𝑅2 ∣ 𝑇𝑇𝑖𝑖(𝑥𝑥) ≤ 𝑡𝑡} (3) 

where 𝑆𝑆𝐴𝐴𝑖𝑖 denotes the service area of forest park i, 𝑇𝑇𝑖𝑖(𝑥𝑥) represents the shortest travel 
time from forest park i to location x, and t is the predefined travel-time threshold [30]. 

The “disks” and “rings” outputs generated by ArcGIS Network Analyst were used 
to represent cumulative and incremental accessibility zones, respectively. These outputs 
enable visualization of both absolute coverage and marginal accessibility expansion 
across different time thresholds. 

The selected park access points represent the road-network entrances at which exter-
nal travel is considered complete. Therefore, the modeled travel time covers the school-
to-park access stage but does not include movement from the entrance through internal 
park roads or trails to specific ecological teaching sites. This boundary is made explicit so 
that the service areas are interpreted as external network accessibility rather than com-
plete door-to-learning-site travel time. 

2.4.4. Educational Service Capacity of Forest Parks 

The educational service capacity of forest parks was quantified based on the number 
of secondary schools that can be reached within specified travel-time thresholds [31]. This 
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indicator reflects the potential of each forest park to support geography field education 
and ecological civilization education. 

Let 𝑁𝑁𝑖𝑖(𝑡𝑡) represent the number of schools accessible from forest park i within time 
threshold t: 

𝑁𝑁𝑖𝑖(𝑡𝑡) = � 𝐼𝐼
𝑛𝑛

𝑗𝑗=1
�𝑇𝑇𝑖𝑖𝑖𝑖 ≤ 𝑡𝑡� (4) 

where I() is a binary indicator function (1 if condition is satisfied, 0 otherwise), and n = 137 
represents the total number of secondary schools [11]. 

The cumulative accessibility at 360 min was used as the primary indicator for classi-
fying forest parks into three service capacity levels: high, medium, and low [32]. This clas-
sification reflects the spatial heterogeneity of educational ecosystem service provision un-
der real transportation constraints in mountainous regions. For reproducible classifica-
tion, the ordered 6 h coverage counts were grouped into high capacity (≥60 schools), me-
dium capacity (10–59 schools), and low capacity (<10 schools). These thresholds are case-
specific relative classes based on the distribution of the 11 parks and are used only to 
summarize differentiation within the present study area; they should not be interpreted 
as universal standards of forest-park educational capacity. 

2.4.5. Accessibility Evaluation of Secondary Schools 

To evaluate the accessibility of ecological learning resources for secondary education, 
each school was assigned a minimum travel time to the nearest forest park. This approach 
assumes that each school will preferentially access the closest available ecological learning 
site [33,34]. 

The minimum travel time is calculated as 

𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚(𝑗𝑗) = min
𝑖𝑖∈𝐹𝐹

�𝑇𝑇𝑖𝑖𝑖𝑖� (5) 

where 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚(𝑗𝑗) is the shortest travel time from school j to any forest park, F is the set of 
forest parks, and T𝑇𝑇𝑖𝑖𝑖𝑖  is the travel time between forest park i and school j. 

Based on Tmin(j), secondary schools were classified into four accessibility categories: 
high (≤1 h), medium (1–3 h), low (3–6 h), and uncovered (>6 h or no reachable forest park 
within the study threshold). This classification reflects the feasibility of organizing geog-
raphy field trips under typical school scheduling constraints, particularly the requirement 
for same-day return in most secondary education settings [35]. In the current analysis, 
each secondary school is treated as one demand node, and school-level differences in en-
rollment size, financial resources, teacher capacity, transportation availability, and will-
ingness to organize field activities are not explicitly incorporated because comparable re-
gion-wide data were unavailable. 

3. Results 
3.1. Regional Pattern of Forest Park Travel-Time Accessibility 

The travel-time service areas of forest parks exhibit pronounced spatial heterogeneity 
across Tibet, with a clear gradient from the central and southeastern regions toward the 
western and northwestern plateau (Figure 3). Overall, accessible zones are primarily con-
centrated in the Lhasa–Shannan–Nyingchi corridor, where forest parks, road networks, 
and secondary school distributions are relatively dense, forming a continuous accessibil-
ity belt. In contrast, northern and western Tibet remain largely outside the 6 h service 
range, reflecting strong constraints from sparse road infrastructure and low settlement 
density. 
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Figure 3. Travel-time service areas of forest parks for secondary-school geography field education 
in Tibet. 

At the 1 h threshold, service areas are highly fragmented and mainly occur around 
forest parks located near Lhasa and parts of Shannan and Nyingchi. These areas indicate 
extremely limited but highly favorable conditions for short-duration field-based geogra-
phy activities. The spatial concentration around Lhasa reflects the effect of administrative 
and transportation centrality, where both ecological resources and educational demand 
are relatively clustered. 

The 1–3 h service areas expand significantly and form several distinct accessibility 
clusters. The most prominent cluster is located around Lhasa and surrounding counties, 
where high road density and school concentration enable one-day field trips. Additional 
clusters appear in eastern Tibet, particularly in Nyingchi and parts of Chamdo, where 
natural forest resources are relatively abundant, and road connectivity is comparatively 
better. These areas represent the core feasible zone for integrating forest parks into routine 
secondary-school geography field education. 

The 3–6 h service areas constitute the largest spatial extent, extending from central 
Tibet toward eastern and southeastern regions. This zone includes peripheral parts of 
Shannan, eastern Chamdo, and southern Nyingchi. Although this expands the potential 
educational coverage of forest parks, the longer travel time introduces significant con-
straints for regular teaching activities, making these areas more suitable for organized 
fieldwork, thematic inquiry trips, or multi-day educational programs. 

By contrast, western and northwestern Tibet, including large portions of Ngari and 
northern Nagqu, show minimal or no service coverage within the 6 h threshold. These 
areas are characterized by extremely low road network density and sparse school distri-
bution, leading to a clear mismatch between ecological learning resources and educational 
demand. 

Overall, the results indicate that forest park accessibility for secondary schools in Ti-
bet is strongly shaped by a “central–eastern corridor effect,” with Lhasa functioning as the 
dominant accessibility core, while Nyingchi and Shannan form secondary high-accessibil-
ity clusters. Spatial disparities highlight the combined influence of topography, infrastruc-
ture, and settlement patterns on the feasibility of geography field education. 
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3.2. Park-Level Differences in Educational Service Capacity 

The spatial service areas of the 11 national forest parks in Tibet were first analyzed 
based on travel-time thresholds of 1 h, 3 h, and 6 h (Figure 4). Clear spatial heterogeneity 
is observed among different forest parks in terms of their accessibility to secondary 
schools. 

 

Figure 4. Spatial service areas of 11 national forest parks in Tibet based on travel-time accessibility 
(1 h, 3 h, and 6 h thresholds). Subfigures (a–k) correspond to the service areas of the 11 national 
forest parks in Tibet: (a) Nimu Forest Park, (b) Jiedexiu Forest Park, (c) Caina Forest Park, (d) Reting 
Forest Park, (e) Karuo Yeguola Forest Park, (f) Sejila Forest Park, (g) Bianba Dongxiang Forest Park, 
(h) Basum Co Forest Park, (i) Karuo Zhaquju Forest Park, (j) Ranwu Forest Park, and (k) Mangkam 
Forest Park. 

Forest parks located in central Tibet, particularly around Lhasa, such as Caina and 
Jiedexiu, exhibit relatively extensive service coverage and can reach a large number of 
secondary schools within short travel times. In contrast, forest parks in eastern and border 
regions, including Ranwu and Mangkam, show significantly more limited accessibility, 
with most surrounding schools only falling within longer travel-time thresholds or re-
maining largely uncovered. 

These differences indicate that the spatial reach of forest parks is strongly influenced 
by regional transportation conditions and geographical location, resulting in an uneven 
distribution of ecological education resources. 

The statistical results further confirm the spatial disparities observed in the service 
areas (Table 1). Among the 11 forest parks, three parks (Nimu, Jiedexiu, and Caina) are 
classified as having high service capacity, with strong coverage of secondary schools 
within 1–6 h travel times. Three parks (Reting, Karuo Yeguola, and Sejila) fall into the 
medium category, showing moderate accessibility performance. The remaining five 
parks, including Bianba Dongxiang, Basum Co, Karuo Zhaquju, Ranwu, and Mangkam, 
are classified as low-service-capacity areas. 
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Table 1. Accessibility-based service capacity classification of forest parks in Tibet. 

No. Forest Park Schools 
Within 1 h 

Schools 
Within 3 h 

Schools 
Within 6 h 

Service Ca-
pacity Level 

1 Tibet Nimu National Forest Nature Park 2 37 70 High 
2 Tibet Jiedexiu National Forest Nature Park 5 41 67 High 
3 Tibet Caina Autonomous Region-Level Forest Nature Park 30 42 65 High 
4 Tibet Reting National Forest Nature Park 0 1 52 Medium 
5 Tibet Karuo Yeguola Autonomous Region-Level Forest Nature Park 5 9 10 Medium 
6 Tibet Sejila National Forest Nature Park 6 7 10 Medium 
7 Tibet Bianba Dongxiang Autonomous Region-Level Forest Nature Park 1 3 9 Low 
8 Tibet Basum Co National Forest Nature Park 0 7 9 Low 
9 Tibet Karuo Zhaquju Autonomous Region-Level Forest Nature Park 0 0 9 Low 

10 Tibet Ranwu National Forest Nature Park 0 1 3 Low 
11 Tibet Mangkang Autonomous Region-Level Forest Nature Park 0 1 2 Low 

In general, forest parks with higher service capacity tend to be located in regions with 
relatively dense road networks and higher school concentrations, while low-capacity 
parks are mostly situated in more remote or topographically constrained areas. 

Figure 5 reveals significant heterogeneity in the educational service capacity of the 
11 national forest parks in Tibet. Under the 1 h threshold, most parks cover only a very 
limited number of schools, indicating that short-distance accessibility is generally weak. 
Among all parks, Park 3 stands out by covering 30 schools within 1 h, suggesting a strong 
locational advantage and closer proximity to school clusters. In contrast, several parks, 
including Parks 4, 8, 9, 10, and 11, do not cover any schools within this threshold, reflect-
ing substantial constraints in near-distance access. 

 

Figure 5. Comparison of school coverage and service capacity levels of 11 national forest parks in 
Tibet: (a) Number of secondary schools covered within 1 h, 3 h, and 6 h by each forest park. (b) 
Proportion of forest parks by service capacity level. Percentages may not sum to 100% because of 
rounding. 

As travel time increases, inter-park differences become more evident. At the 3 h 
threshold, Parks 1, 2, and 3 form the leading group, with coverage rising to 37, 41, and 42 
schools, respectively. At the 6 h threshold, the same group remains dominant, reaching 
70, 67, and 65 schools, respectively. Park 4 also shows a notable increase at this stage, 
covering 52 schools within 6 h, which suggests that although its short-range accessibility 
is weak, it still possesses broader regional service potential. By contrast, Parks 7–11 remain 
at relatively low coverage levels even under the 6 h threshold, indicating persistent spatial 
marginality. 
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The pie chart in Figure 5b further summarizes these differences by classifying the 
parks into three service-capacity levels. Low-capacity parks account for the largest share 
(45.5%), whereas high-capacity and medium-capacity parks each account for 27.3%. Over-
all, the results suggest that forest park educational services in Tibet are characterized by 
a clear polarization pattern: a few parks provide strong and extensive school coverage, 
while nearly half of the parks remain limited in their ability to serve surrounding schools. 

The statistical results further demonstrate the strong differentiation in forest park 
service capacity. The mean number of schools covered by the 11 parks increases from 4.45 
within 1 h to 13.55 within 3 h and 27.82 within 6 h. However, the expansion of service 
coverage is highly uneven among parks. Nimu, Jiedexiu, and Caina consistently maintain 
the largest school coverage, whereas several peripheral parks continue to serve fewer than 
10 schools even under the 6 h threshold. These differences indicate that expanding the 
travel-time range increases overall potential connectivity but does not eliminate the struc-
tural imbalance in educational service provision among forest parks. 

The accessibility results can also be summarized from the perspective of potential 
park–school connectivity. Across the three travel-time thresholds, the total number of ac-
cessible park–school links increases from 49 within 1 h to 149 within 3 h and 306 within 6 
h. This expansion indicates that increasing the allowable travel-time budget substantially 
enlarges the number of potential connections between forest parks and secondary schools. 
However, these connections represent spatial accessibility relationships rather than ob-
served ecosystem service flows. Actual educational use would additionally depend on 
field-trip frequency, student participation, school resources, and institutional capacity. 

The spatial distribution of forest park service capacity shows a clear clustered pattern 
in Tibet, while the internal composition of accessibility is further revealed through travel-
time-based pie charts (Figure 6). High-capacity forest parks are primarily concentrated in 
central and southeastern Tibet, especially in the Lhasa and Shannan regions, where trans-
portation accessibility is relatively favorable and secondary schools are densely distrib-
uted. 

 

Figure 6. Spatial distribution and travel-time composition of forest park educational service capacity 
in Tibet. 

Medium-capacity parks are mainly distributed in transitional zones surrounding the 
central plateau, reflecting moderate accessibility conditions shaped by both terrain con-
straints and road network connectivity. In contrast, low-capacity parks are located in more 
peripheral areas such as eastern and northern Tibet, where sparse road networks, greater 
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terrain complexity, and lower population density jointly restrict accessibility between eco-
logical resources and educational demand points. 

Beyond the spatial clustering pattern, the pie charts further illustrate the composition 
of school accessibility within different travel-time thresholds (0–1 h, 1–3 h, and 3–6 h). 
High-capacity parks generally show a larger proportion of short- and medium-distance 
accessibility, indicating stronger proximity advantages and more efficient linkage with 
surrounding school clusters. By contrast, low-capacity parks tend to rely more heavily on 
long-distance accessibility (3–6 h), reflecting weaker spatial coupling between ecological 
resources and educational demand. 

Overall, the results demonstrate a strong spatial mismatch between forest parks and 
secondary school distribution while also highlighting substantial differences in the inter-
nal accessibility structure across parks. This suggests that forest park service capacity in 
Tibet is jointly shaped by spatial location, transportation connectivity, and multi-scale 
travel-time constraints. 

3.3. Accessibility Pattern of Secondary Schools 

The accessibility levels of secondary schools to forest parks show a clear spatially 
uneven pattern across Tibet (Figure 7). Schools with high accessibility (≤1 h) are mainly 
concentrated in central Tibet, particularly around Lhasa and nearby areas where road con-
nectivity is relatively strong, and forest parks are located close to school clusters. These 
schools have the most favorable conditions for frequent field-based geography learning. 

 

Figure 7. Classification of secondary school accessibility and corresponding educational implica-
tions in Tibet. 

Medium-accessibility schools (1–3 h) are distributed around the high-accessibility 
core and in some eastern and southeastern areas with relatively good transport connec-
tions. These schools can access forest parks within a feasible one-day travel range, indi-
cating moderate opportunities for field-based ecological learning. 

Low-accessibility schools (3–6 h) are more widely distributed across central, eastern, 
and southern Tibet. Although these schools remain within the maximum service thresh-
old, the longer travel time limits the frequency and flexibility of outdoor learning activi-
ties. In contrast, uncovered schools are mainly located in western and northern Tibet, 
where road networks are sparse, and forest parks are distant from school locations. 
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Overall, the spatial pattern indicates a distinct core–periphery structure. Schools 
around Lhasa and several eastern transport corridors have better access to forest park re-
sources, whereas schools in remote western and northern areas face stronger spatial bar-
riers. This suggests that the opportunity for secondary schools to use forest parks as eco-
logical learning sites is highly dependent on both road accessibility and the spatial match-
ing between schools and forest parks. 

3.4. Accessibility-Informed Educational Implications and Field Education Design 

Based on the accessibility classification results, this study constructs a differentiated 
field education design framework that links travel-time constraints, spatial accessibility 
patterns, and feasible geography field teaching strategies (Figure 8). The classification of 
accessibility into four levels—high, medium, low, and uncovered—provides the struc-
tural basis for translating spatial analysis results into educational planning (Table 2). 

The planning framework (Figure 8) illustrates how travel-service time areas, school 
accessibility patterns, forest park service capacity, and road network support jointly shape 
the feasibility of field-based education. Together, these components form an integrated 
system in which spatial accessibility is not only an analytical output but also a direct input 
for educational design. 

To translate accessibility results into educational implications, the framework uses 
three linked implementation layers. First, teaching organization connects spatial oppor-
tunity to inquiry, project-based investigation, repeated observation, and hybrid field–vir-
tual learning. Second, curriculum integration organizes field learning as a sequence of pre-
field preparation, on-site data collection, and post-field interpretation, allowing field evi-
dence to enter regular geography units rather than remain an isolated excursion. Third, 
assessment and organizational support use field notebooks, portfolios, GIS maps, group 
reports, and reflective tasks, while matching each accessibility class with specific arrange-
ments for transport coordination, park–school scheduling, teacher preparation, safety 
management, and cost sharing. The resulting strategies are therefore accessibility-in-
formed educational options, not automatic prescriptions derived from travel time alone. 

 

Figure 8. Accessibility-based planning framework for differentiated geography field education in 
Tibet. 
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Table 2. Interpretation of school accessibility levels and educational implications. 

Accessibility Level Travel Time Educational Meaning Suggested Teaching Strategy 

High ≤1 h 
Routine or half-day use potentially 

feasible 
Curriculum-embedded inquiry; repeated 

observation; portfolio assessment 

Medium 1–3 h 
Full-day to extended-day/overnight 
planning, depending on exact time 

and logistics 

Integrated field module; coordinated 
transport; park–school scheduling and 

risk planning 

Low 3–6 h 
Multi-day or regional-hub field 

learning 

Inter-school consortium; pooled costs; 
fewer, longer thematic programs; hybrid 

preparation and follow-up 

Uncovered >6 h/not covered 
Direct forest-park access highly 

constrained 

Local ecological micro-sites; virtual 
fieldwork; GIS/remote sensing; remote 

park interpretation 

For schools located in the high-accessibility zone (≤1 h), the main educational impli-
cation is to prioritize curriculum-embedded and recurrent field learning. Short ecological 
observations can be organized as repeated modules linked to regular geography units: 
students formulate questions before departure, collect landscape or ecological observa-
tions on site, and complete post-field mapping, comparison, or reflection tasks. Repeated 
visits also make longitudinal observation possible. Assessment can combine field note-
books, observation records, GIS products, and short inquiry reports rather than relying 
only on classroom knowledge tests. 

For schools within the medium-accessibility zone (1–3 h), implementation requires a 
planned integrated field module rather than assuming that every destination is automat-
ically feasible as a routine one-day trip. Destinations near the lower end of the band may 
support full-day investigation, whereas trips near the upper end may require extended-
day or overnight arrangements. Practical implementation should include advance park–
school scheduling, shared or coordinated transport, explicit safety and contingency plans, 
structured group tasks, and a pre-field/field/post-field curriculum sequence. Where sev-
eral schools are clustered, joint transport procurement and shared teacher preparation can 
reduce per-school organizational burden. 

For the low-accessibility zone (3–6 h), simply recommending more thematic trips 
would not resolve the underlying cost and safety constraints. A more feasible pathway is 
a regional field-learning hub or inter-school consortium model: schools can pool transport 
and accommodation costs, coordinate trained staff and safety procedures, and organize 
fewer but longer multi-day programs around selected high-capacity parks. Virtual orien-
tation before departure and GIS- or remote sensing-based follow-up after return can ex-
tend learning time while limiting the number of physically demanding journeys. Such 
programs should be conditional on budget, weather, road status, and risk assessment ra-
ther than triggered by accessibility class alone. 

For uncovered schools (>6 h or not covered), the educational implication is to move 
beyond reliance on virtual fieldwork alone and adopt a layered local-hybrid model. 
Schools can combine campus and community ecological micro-sites, nearby river or grass-
land observations, remote interpretation sessions with park staff, GIS and remote sensing 
analysis, and virtual visits to representative forest-park sites. Common inquiry questions 
and assessment rubrics can link local observations with remote park cases, allowing stu-
dents to participate in comparable curriculum goals despite unequal physical access. 
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4. Discussion 
4.1. Spatial Inequality and Its Geographical Drivers 

The uneven accessibility of forest-park-based learning resources should be under-
stood as an issue of educational equity rather than solely as a transportation outcome. 
Even where ecological civilization education is intended to provide broad educational 
benefits, differences in spatial access may create unequal opportunities for students to 
participate in field-based geography and ecological learning [24]. Accessibility therefore 
represents an important geographical condition affecting whether ecological education 
can extend beyond classroom instruction. 

This inequality reflects the combined influence of administrative centrality, educa-
tional resource concentration, settlement patterns, transportation investment, and topo-
graphic constraints. Regional centers concentrate schools, public services, and transport 
infrastructure, strengthening the spatial correspondence between educational demand 
and accessible ecological resources. At the same time, mountainous terrain channels roads 
and settlements through valleys, basins, and intermontane corridors, producing uneven 
and corridor-oriented accessibility rather than uniform spatial coverage [25]. The ob-
served pattern is therefore the result of long-term interactions between geographical con-
ditions and institutional development. 

From a policy perspective, spatial inequality cannot be addressed through a uniform 
regional model. Improvements in road connectivity may enhance access in some loca-
tions, but infrastructure expansion alone cannot fully resolve differences arising from ter-
rain, settlement dispersion, school resources, and institutional capacity. Regional educa-
tion planning should therefore combine spatial accessibility assessment with coordinated 
resource allocation, park–school cooperation, and support for geographically disadvan-
taged schools [36]. Spatial accessibility should be regarded as one component of educa-
tional equity rather than as its complete representation. 

4.2. Interpreting Educational Accessibility Through Ecosystem Service Flows 

The ecosystem service flow perspective provides a relational interpretation of educa-
tional accessibility. Forest parks represent the supply of ecological and cultural learning 
resources, secondary schools represent educational demand, and road networks provide 
the spatial pathways through which potential educational benefits may be accessed [26]. 
From this perspective, the educational value of a forest park depends not only on the pres-
ence of natural resources but also on the spatial connections that enable students and 
teachers to reach and use them. 

This interpretation explains why ecological resource abundance does not automati-
cally produce educational opportunity. A forest park with rich landscapes and substantial 
environmental education potential may remain weakly connected to schools because of 
distance, terrain, or limited transportation infrastructure. Conversely, parks located near 
transportation corridors and school clusters may potentially serve a larger educational 
population [28,29]. The supply–pathway–demand framework therefore extends conven-
tional resource inventories by identifying the spatial relationships through which ecolog-
ical learning opportunities may be formed. 

The framework should nevertheless be interpreted as an assessment of potential ra-
ther than realized ecosystem service flows. A short modeled travel time indicates that ed-
ucational use is spatially possible, but it does not demonstrate that a visit occurred, how 
many students participated, or whether educational outcomes were achieved. Following 
the distinction among ecosystem service supply, flow, and actual use [37], a more com-
prehensive evaluation would require field-trip records, participant numbers, seasonal 
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travel information, school-level institutional capacity, and learning assessments. The cur-
rent analysis therefore identifies the spatial conditions under which ecological learning 
resources may become available to schools rather than measuring their actual educational 
use. 

4.3. Transferability and Implementation Conditions 

The educational design presented in Section 3.4 demonstrates how spatial accessibil-
ity results can be translated into differentiated planning options. Its broader value lies in 
connecting geographical analysis with curriculum organization, rather than prescribing a 
fixed teaching format for each travel-time category. Field-based learning is most effective 
when direct observation is linked to clearly defined inquiry questions, curriculum content, 
and post-field interpretation [33]. Accessibility classification can support this process by 
helping schools identify feasible forms and frequencies of field engagement. 

However, the implementation of accessibility-informed educational design depends 
on institutional and organizational conditions that are not captured by travel time alone. 
Effective field education requires coordination among schools, forest parks, education au-
thorities, teachers, transport providers, students, and families. Pre-field preparation, on-
site investigation, and post-field analysis also need to be integrated into a coherent learn-
ing sequence rather than treated as separate activities [34]. Financial resources, teacher 
preparation, safety management, weather conditions, administrative approval, and cur-
riculum schedules may all influence whether a spatially feasible activity can be imple-
mented. 

The framework is potentially transferable to other mountainous, plateau, island, bor-
der, or infrastructure-constrained regions, but its parameters should not be applied me-
chanically. Travel-time thresholds, road-speed assumptions, ecological learning destina-
tions, school distribution, institutional capacity, and available teaching technologies 
should be recalibrated according to local conditions. Virtual fieldwork, GIS, remote sens-
ing, local ecological sites, and remote interaction with park staff can complement direct 
field experience where physical access is constrained [38]. These approaches should sup-
port comparable curriculum goals while remaining responsive to local environmental and 
educational contexts. 

4.4. Limitations and Future Research 

This study evaluates potential accessibility using OSM road data and fixed road-
class-specific travel speeds. These assumptions may not fully capture differences in road 
quality, maintenance, traffic regulation, vehicle conditions, seasonal hazards, or tempo-
rary closures. Snow, rainfall, landslides, and freeze–thaw damage may cause actual travel 
times to differ from the modeled estimates. 

Forest parks are represented by road-network access points, while internal roads, 
trails, elevation differences, restricted management zones, and the locations of specific 
ecological teaching sites are not incorporated. The analysis also treats each school as an 
equivalent demand node and does not account for enrollment, financial resources, teacher 
capacity, transport availability, institutional support, or willingness to organize field ac-
tivities. 

Future research should combine network analysis with observed travel times, sea-
sonal transportation conditions, internal park accessibility, school and teacher surveys, 
field-trip records, organizational costs, and educational outcomes. Such evidence would 
help distinguish potential spatial opportunity from actual participation and clarify how 
accessibility is converted into realized educational use. 
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5. Conclusions 
This study evaluated the potential accessibility between 11 forest parks and 137 sec-

ondary schools in Tibet using a network-based travel-time approach. The results reveal a 
pronounced core–periphery pattern. Forest parks located around Lhasa and major 
transport corridors have substantially greater potential to serve secondary schools, 
whereas many schools in western and northern Tibet remain beyond the 6 h service range. 
Expanding the travel-time threshold increases the overall number of potential park–
school connections but does not eliminate the spatial concentration of educational service 
capacity. 

By integrating the ecosystem service flow perspective with geography field educa-
tion, this study interprets accessibility as the spatial condition through which ecological 
learning resources may become available to schools. The park-side and school-side assess-
ments jointly identify mismatches between ecological resource supply, transportation 
pathways, and educational demand. The resulting accessibility classes can support differ-
entiated educational planning, including recurrent curriculum-embedded inquiry in 
highly accessible areas, coordinated field modules and inter-school cooperation in less ac-
cessible areas, and local or hybrid alternatives where direct forest-park access is strongly 
constrained. 

The results represent potential spatial accessibility rather than actual educational 
participation. The model does not incorporate seasonal road conditions, internal park 
travel, school resources, organizational costs, field-trip frequency, or learning outcomes. 
Future research should combine network analysis with observed travel times, school and 
teacher surveys, institutional information, and actual field-education records to examine 
how potential accessibility is converted into realized educational use. 
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