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Abstract: Agricultural Land Use Systems (LUS) contributes to Green Revolution (GR) and sustainable development in
Vietnam, however, the GR exerts a dual impact-both positive and negative-on agricultural LUS in suburban regions. Land
Quality Indicators (LQl) is integrated into the Pressure-State-Response (PSR) model to assess agricultural LUS across four
landscapes in a peri-urban area of Hanoi capital city (Vietnam). The selected 75 indicators are subject to elimination based
on the distinct natural and social contexts prevalent in each landscape. The findings indicate that primary pressures
impinging upon agricultural LUS are dwindling irrigation water, escalating erosion resulting from cultivation, inadequate
agricultural infrastructure, price imbalances, and pollution from industrial parks and craft villages. An amalgamation of
traditional and high-tech solutions is recommended to enhance the quality of organic produce and foster stronger
connections between suburban and urban. Integrating LQl into the PSR framework supplants conventional assessment
methods, paving the way for more effective sustainable land use planning in peri-urban areas in the foreseeable future.

Keywords: agricultural land use systems (LUS), land quality indicator (LQl), sustainable land use, peri-urban, Hanoi,
Vietnam

1. Introduction

The Green Revolution (GR) brought about significant transformations in agricultural land use systems (LUSs), which
serve as essential livelihoods for a considerable population (Madalla and Majule, 2016) and are fundamental to ensuring food
security in peri-urban areas (Ayambire et al., 2019; Viana et al., 2022). However, LUS constantly face pressures stemming
from urban migration, urbanization, tourism, and industrialization in peri-urban regions (Ayambire et al., 2019; Prasada and
Masyhuri, 2020; Zhao and Jiang, 2022; Nam and Yen, 2022). Zhang et al. (2015) and Sagar et al. (2022) highlighted the
adverse effects of peri-urban agricultural activities on soil, water, air quality, and microclimate changes in urban areas. For
instance, the expansion of terrace farming in tropical terrains with steep slopes and heavy rainfall worsens soil erosion
processes (Ziadat and Taimeh, 2013). The adoption of intensive farming increases agricultural production rates from 30-50%
to over 70% in countries such as Thailand and Germany (Schiefer et al., 2015). This leads to increased levels of permanganate
oxidizable carbon (Pox-C) in soil, resulting in reduced maize yields in Thailand (Bruun et al. 2017). Abate et al. (2017) and
Prasada and Masyhuri (2020) emphasized that the sustainability of agricultural land hinges on farmers' perceptions and
practices. Agricultural LUS in peri-urban areas often exhibit inconsistencies and limited scientific scopes, and the
interconnectedness among various system components is often overlooked (FAO, 1984; Bogoviz, 2021; Song et al.,, 2022).
There is a pressing need to establish a set of indicators for comprehensive assessments of agricultural LUS (Pham et al. 2022).

Land quality indicators (LQls) provide essential instruments for evaluating the impact of agricultural LUS, particularly
within the context of the Green Revolution (GR). With the widespread adoption of agrochemicals, irrigation, and high-
yielding crop varieties in contemporary farming landscapes, understanding the environmental, social, and economic
implications of these intensive farming methods is crucial (Danilo et al., 2022; Liu et al., 2020). Indicators of land health, such
as nutrient levels and organic matter content, offer valuable insights into the long-term sustainability of land use under
intensive agricultural practices (Nguyen and Hens 2020). Assessing water quality indicators, especially in regions reliant on
irrigation, is critical for understanding the impacts on soil salinity and water tables (Gad et al., 2023). Biodiversity indicators
help evaluate the ecological resilience of agricultural landscapes to the risks associated with monoculture (Bockstaller et al.,
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2011; Rios-Touma et al.,, 2023). The examination of land conservation indicators and erosion rates contributes to a
comprehensive understanding of the enduring effects of intensive cultivation on land characteristics (Pham et al. 2018;
Tsymbarovich et al., 2020). Satellite imagery enables longitudinal monitoring of changes in land cover and patterns, while
socioeconomic and policy indicators shed light on how alterations in agricultural land use affect human aspects (Brinkley and
Visser, 2022). Ecological footprint analysis provides comprehensive insights into the environmental consequences of
intensive agricultural practices, while remote sensing and GIS enhance the mapping of land use patterns, facilitating
informed decision-making for sustainable land management (Goyal et al., 2020). The LQl offers a comprehensive
methodology for assessing the intricate interplay among human activities, land quality, and the environment (Nguyen and
Hens, 2020) and facilitating the establishment of sustainable and resilient agricultural land use systems after the GR.

The LQI provides comprehensive insights into farming practices, analyses shifts in local land-use policies, and
evaluates progress toward sustainable development goals (Teshome et al., 2014; Tesfahunegn et al., 2014; Pham et al.,
2022). The LQI encompasses indicators of land use efficiency, management quality, and environmental policy (Adriaanse,
1993; Zhang and Schwarzel, 2017; Liu, 2022). Dumanski and Pieri (2000) and Smith et al (2002) employed the LQl for land
suitability classification. Kamaldeen (2015), Nguyen and Hens (2020), Dera et al (2022) and Wang et al (2023) proposed the
LQl to guide land-use planning and foster sustainable agricultural development, reconciling economic development with
environmental conservation imperatives. Despite the widespread application of LQl across various locales, efforts to compile
a comprehensive LQl for informed decision-making and sustainable development generally and within the peri-urban
agricultural sector in particular remain nascent.

GR has led to profound transformations in Vietnam's rice industry and agricultural land use systems. Within GR-
affiliated domains, agricultural LUS in Vietnam contributes to local farmer livelihoods, positioning Vietnam as a global leader
in rice exports (Nam, 2023). The GR enables Vietnam to achieve rice self-sufficiency, making it a top rice exporter globally and
ensuring relatively stable and affordable rice prices in the consumption market. However, GR has adverse biological,
environmental, and socioeconomic consequences for agricultural land use systems (Nam, 2023). The Hanoi capital city in
Vietnam boasts approximately 200 thousand hectares of agricultural land, constituting 59% of the total area and supporting
more than 2.2 million rural laborers, accounting for more than 56% of the city's workforce. The peri-urban area is hailed as an
agricultural green corridor, supplying a variety of food commodities, such as rice, corn, meat, fish, and green vegetables, and
fresh produce to urban residents. However, escalating urbanization and population growth have led to deforestation, while
volatile input and output prices of agricultural production pose challenges. Notably, agricultural land in Hanoi has undergone
a significant reduction since the 2010s, resulting in fallow and fragmented agricultural landscapes encompassing nearly 5,000
hectares or, conversely, conversion to industrial purposes. These developments adversely impact the livelihoods of more
than 150,000 peri-urban farmers (Labbé, 2021). Consequently, examining agricultural land use systems within peri-urban
areas holds promise for elucidating GR constraints and understanding the internal dynamics within the region, alongside
supply-demand dynamics in agricultural development vis-a-vis urban centers. An interdisciplinary approach is imperative to
ensure the sustainability of local land use systems, thereby enabling timely responses to multilevel authorities (Saint-Macary
et al., 2010; Tombolini et al., 2022a). The assessment of agricultural LUS in GR-affiliated zones in Vietnam primarily adheres
to the process outlined by the Food and Agriculture Organization (FAO) in 1976, necessitating the development of land unit
maps (Dan et al., 2018). Integrating a multitude of land quality aspects within the agricultural land use context, which are
increasingly influenced by multifarious factors, poses significant challenges.

The objectives of this study are to propose a comprehensive set of LQls tailored to diverse agricultural land use system
types for assessing sustainability constraints within peri-urban domains and evaluating agricultural land use systems within
the peri-urban ambit of Hanoi, Vietham, with consideration of the pressure-state-response (PSR) model. We consult and
synthesize disparate LQls from global contexts, culminating in the formulation of a comprehensive indicator set subsequently
applied within the research domain.

2. Materials and Methods
2.1. Study area

The selected peri-urban area is located in Quoc Qai district, Hanoi capital city of Vietnam (Figure 1). Nestled within the
greenery corridor enveloping the western edge of Hanoi, this area sits approximately 20 km from the city center, facilitating
convenient economic trade relations with inner districts. With a population of approximately 190,000 people and an average
population density of 1,280 people/km?, the district heavily relies on agriculture for employment, accounting for 42% of the
total population. The Quoc Oai district boasts a diverse demographic composition, with 14 ethnic groups cohabiting
harmoniously and ethnic minorities comprising 3.6% of the population. From 2005 to 2020, the proportion of agricultural
land area to nonagricultural land in the district's land use structure decreased from 1.86 to 1.19 (Quoc Oai DPC, 2020). The
selected area is delineated into four distinct landscapes: highland, lowland, delta-flood, and alluvial.

Figure 1 shows that the highland landscape (SZ1) represents a low mountain forest LUS, which is predominantly
characterized by production and protection forests. The lowland landscape (SZ2) encompasses an agroforestry LUS nestled
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amidst undulating terrain, hosting a diverse array of land use systems, including afforested land, rice paddies, and perennial
crops, comprising perennial fruit trees and industrial plants. Rice cultivation and perennial crop cultivation, which constitute
87.2% of the subregion's agricultural land area, prevail over forested areas within this zone. The delta-flooded landscape
(SZ3) is designated for agricultural production on alluvial banks enclosed by dikes, with specialized rice cultivation occupying
82% of this subregion and serving as a primary food source for Hanoi residents. The alluvial landscape (SZ4) is dedicated to
agricultural production on alluvial plains lying beyond the dikes and along the Day River in Hanoi city. Vegetable cultivation
constitutes nearly 55% of the agricultural land within this subregion, serving as a primary food source for urban inhabitants.
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Figure 1 Study area location in Hanoi (Vietnam).
2.2. Land quality indicators for PSR assessment

The pressure-state-response (PSR) framework is widely applied in ecological studies (Lai et al., 2022; Zhang et al.,
2023; Wang et al. 2021) and land-use assessments (Hao and Chunjing, 2013; Zhang et al., 2019; Dera et al., 2022; Kapur et al.,
2019). This framework provides tools for establishing causal relationships between land use components and land
management research (Nguyen and Hens, 2020). By integrating the PSR framework into the LQl, we restructured the
indicator system, reduced redundancies, and ensured a balanced representation of the indicators. However, the distinction
between pressure, state, and response can sometimes be blurred due to the complex interdependencies between land and
human activities (Kamaldeen, 2015; Nguyen and Hens, 2020).

Figure 2 shows the three dimensions of land quality in the PSR framework:

- Pressure (P) represents the natural or socioeconomic pressures arising from existing agricultural LUS and land
management policies;

- State (S) refers to the original and altered land quality states, encompassing aspects such as land use intensity, soil
and water quality, and agricultural practices; and

- Response (R) indicates the responses or efforts of stakeholders, including land users, managers, and policymakers,
aimed at mitigating pressure impacts, altering LUS status, and enhancing land quality.

In the land use analysis, pressure (P) indicators are utilized, while state (S) indicators are employed for the land
assessment. The response (R) indicators are utilized in the development of land use guidelines and planning. To
comprehensively evaluate agriculture in peri-urban areas according to the PSR framework, a set of LQls is proposed (Table 1).
These indicators can be used to quantitatively and qualitatively measure the "conditions" or "health" of the land (FAO, 1976).
Establishing a set of LQls is necessary for land use analysis, assessment, guidance, and planning (Teshome et al., 2014;
Tesfahunegn et al., 2014; Pham et al., 2022). The LQI facilitates the monitoring of agricultural and forestry productivity
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performance and the prediction of project impacts on the environment (FAO, UNDP, UNEP and WB, 1997) at various scales,
including the regional, provincial, district, and community levels (Adriaanse, 1993), encompassing both qualitative and
guantitative dimensions (Dumanski and Pieri, 2000; Wang et al., 2023).

Sub-region of agricultural land use systems

PRESSURE STATE RESPONSE
Pressures : Responses b
Land Use/Land State of Land Quality P y
Cover ’ Land Users,
and Inital —* Modified , Managers, and
Management Resources Policy Makers
—_—

Figure 2 Integrated model of the LQI and PSR (adapted from Dumanski, Pieri 1995-2000).

Figure 3, Table 1 and Appendix 1, 2, 3 and 4 shows that a PSR framework designed for the examination of agricultural
LUS is illustrated. Biophysical drivers (P1), which fall under the "Pressure" category, encompass a variety of stressors for
agricultural practices, such as limited agricultural land, landslides, extreme cold, and insufficient irrigated water (Quang et al.,
2014; MONRE 2015; Nguyen and Hens, 2020). The socioeconomic variables (P2) encompass various socioeconomic factors,
such as urbanization, poverty, and population growth. Extensive research conducted by (Saint-Macary et al., 2010; Zhang and
Schwarzel, 2017; Tuan and Heged(s, 2022a) offers valuable insights in this area. Macropolicy (P3) comprises indicators of
governmental interventions, including afforestation and crop restructuring. Research conducted by (Ravetz et al., 2013;
Nguyen and Hens, 2020) has enhanced our understanding of the pressures on LUS influenced by policy.

Regarding the "State" component, indicators of soil erosion and land degradation (S1) encompass concerns such as
topsoil loss, soil fertility decline, and soil pollution. Furthermore, land use system change (S2) includes indicators such as the
expansion of cultivated land and alterations in local cultivation practices (S3). Kyeyune and Turner (2016), Nguyen and Hens
(2020), Tombolini et al (2022b) and Wang et al (2023) provided empirical substantiation for the current condition of LUS and
the dynamics that underlie it.

The "Response" delineates a range of approaches and actions intended to alleviate identified pressures and enhance
the condition of agricultural land. The effectiveness of traditional conservation practices (R1), which include crop rotation
and terraced fields, has been validated by different studies (Saint-Macary et al., 2010; Nguyen and Hens, 2020). The benefits
of cultivation options (R2), such as changing crop patterns and accelerating agroforestry, have been validated by Nguyen and
Hens (2020) and Tuan and Heged(s (2022b). Saint-Macary et al (2010) and Ravetz et al (2013) supported the notion that land
use policies (R3) should incorporate social and environmental concerns and involve the public in land use planning. The
enhancement of indigenous methods (R4) encompasses the implementation of sustainable practices such as intercropping
and the use of on-farm biological nutrients. Quang et al (2014), Prasada and Masyhuri (2020) and Fei (2022) have contributed
significant insights in this regard.

The selection of indicators and parameters for their quantification is aligned with the local context and agricultural
LUS characteristics of peri-urban farmers (Bouma, 2002; Kamaldeen, 2015; Nguyen and Hens, 2020; Tombolini et al., 2022a).
The chosen parameters are determined by important factors such as natural, economic, social, cultural, environmental, and
governance aspects of the study region (Kamaldeen, 2015; Nguyen and Hens, 2020; Wang et al., 2023). The process of
selecting indicators involves consultation with experts through direct interviews and a literature review to produce the
proposed comprehensive set of indicators. Experts in specialized fields such as sustainable agriculture, land management,
green revolution, and land use planning were consulted. Based on these indicators, quantifications are verified based on the
perceptions of farmers and local officials who were interviewed to assess the sustainability of detailed agricultural LUS,
particularly in the peri-urban area of Hanoi. Additionally, land use statistics, land use status maps, and soil sample analysis
results assist in determining the final set of LQls for the study area (Figure 3).
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Land use status maps, complemented by satellite imagery and GIS

Characteristics of agricultural land use systems and sub-regions
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Figure 3 A logical process for building land quality indicators.

2.3. Data collection

To identify agricultural LUS, we obtained land-use maps for 2015 and 2020 from the Ministry of Natural Resources and
Environment of Vietnam. These maps, combined with satellite imagery and geographic information systems (GIS), provided a
comprehensive depiction of changes in agricultural land use systems from 2015 to the present. Additionally, we gathered
agricultural statistics from officials to quantify the selected indicators. Seventeen soil samples were collected and analyzed at
the Faculty of Environment, VNU University of Science, Hanoi, Vietnam. Furthermore, updates and information on local-
specific issues were gathered through interviews with agricultural households and local officials. This information determines
the suitability for applying the LQl in peri-urban areas.

The selection of interview candidates was based on random sampling to ensure uniform representation across the
population throughout the region (Henry et al. 2009). Lists of households and local officials in each landscape are compiled
from local authorities and departments, and individuals from these lists are randomly chosen for interviews. A standardized
set of questions is administered to all participants to gather diverse perspectives from the community and management,
thereby elucidating the specific characteristics of LUS in each locality. The survey was conducted in Vietnamese by a research
team of the Faculty of Geography, VNU University of Science, Hanoi.

The survey uses a three-dimensional PSR-structured questionnaire with 10 parameters (including P1, P2, P3, S1, S2,
S3, R1, R2, R3, and R4) and 75 closed questions, corresponding to 75 LQls (see Table 1 and the Appendix). The interviews
were conducted over four landscapes with different natural, socioeconomic, and cultural characteristics. Each question
provides information about different aspects of land quality, with respondents expressing their perceptions of LQls using a 5-
point Likert scale, where 1 indicates strongly disagree and 5 indicates strongly agree.

Four surveys were conducted in 2018 and 2022 in the Quoc Oai district, resulting in a total of 690 questionnaires
collected from the four landscapes: at the end of 2018, 190 questionnaires were collected; from 2019 to 2020, due to the
COVID-19 epidemic, 500 questionnaires were collected in 2022. Each landscape contributed to the survey as follows: 170
guestionnaires in the highland landscape (SZ1) and delta-flooded landscape (SZ3) and 175 questionnaires in the lowland
landscape (SZ2) and alluvial landscape (SZ4).

Experienced farmers and local officials answered questions regarding the meaning and scale of the LQl. Additionally,
we formulated open-ended questions that allowed participants to elaborate on their criteria and provide concrete examples.
For instance, the head of the agricultural cooperatives in the Dai Thanh commune noted that the lack of facilities to preserve
and process agricultural products significantly hindered the export of local longans to the international market, as longans
cannot be adequately preserved after harvest to ensure freshness.
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Before further analysis, Cronbach’s alpha was used to verify the reliability of the scale following previous studies
(Cronbach 1951). The data were considered reliable when the Cronbach’s alpha coefficients fell within the range of 0.6 to
0.95. Additionally, Cronbach’s alpha serves as a probability test for assessing the connections between individual indicators,
which is crucial for exploring the relative importance of indicators. Specifically, Cronbach’s alpha (a) is calculated as follows

(Eq 1):

_ kxc
- v+c(k—-1)

(1)

where c = the average interitem covariance among the questions, k = the number of questions, and v = the average variance.

Pressure (P)

State (S)

Response (R)

Table 1 Selected land quality parameters and indicators of PSR dimensions.

Parameters Indicators (Symbols) References
L . Nguyen and Hens (2020),
Biophysical Scarce irrigated water (TNO1), Drought (TNO2), Flooding (TNO3), Flash flood Quang et al. (2014), MONRE

drivers (P1)

Socioeconomic
drivers (P2)

Macro policy
(P3)

Soil erosion and
land
degradation
(s1)

Land use
systems change
(s2)

Local cultivation
practices (S3)

Traditional
conservation
practices (R1)

Cultivation
options (R2)

Land use
policies (R3)

Improving
indigenous
techniques (R4)

(TNO4), Extreme cold (TNO5), Landslides (TNO6), Scarce agricultural land (TNO7),
Sloping land (TNO8)

Population growth (XHO1), Lack of output market (XH02), Poverty (XHO3),
Extensive livestock (XH04), Unbalanced price (XHO5), Planted forests (XHO06),
Urbanization from agriculture (XHO7), Land use conversion (XHO08),
Deforestation (XH09), Tourism (XH10), Industrial zones - craft villages (XH11),
Lack of facilities for processing - preserving (XH12)

Crop restructuring (VMO01), Irrigation protection services (VM02), Agricultural
support (VMO03), Local land use planning (VMO04), Land consolidation (VMO05),
Aforestation and land allocation (VMO06)

Loss of topsoil (MTO1), Water shortage in dry season (MT02), Soil fertility
decline (MTO03), Reduced vegetation cover (MT04), Soil pollution (MTO5),
Flooding in the rainy season (MT06), Land fragmentation (MT07)

Cultivated land increase (SDO1), More terraced paddy fields (SD02), More
commodity crops (SD03), Less local plant (SD04), Crop systems diversification
(SD05), More crop yields (SD06), More bare land and hills (SD07), More food
crop (SDO08), More reforestation (SD09), More agroforestry (SD10), Loss of
arable land (SD11), Provide organic food (SD12)

Easy access to land resources (KTO1), Intensive farming (KT02), Accelerating
traditional cultivation methods (KT03), New technologies (KT04), Indigenous
knowledge (KT05), More female farmers (KT06), Easy access to consumption
area (KT07), Higher income from agriculture (KT08)

Terraced fields (GTT1), Rotation of crops (GTT2), Contour cultivation (GTT3),
Local seeds use (GTT4)

Changing crop pattern (GSD1), Diversification of organic farming systems
(GSD2), Accelerating agro-tourism (GSD3), Accelerating agroforestry (GSD4),
Diversifcation of species and varieties (GSD5)

Participatory land use planning (GCS1), More attention to social issues in LUP
(GCS2), Craft village industrial clusters planning (GCS3), Branding commodities
and market expansion (GCS4), Protection forests (GCS5), More attention to
environmental issues in LUP (GCS6), Training organic agriculture and high-tech
agriculture (GCS7)

Use of on-farm biological nutrients (GKT1), Growing shadow plants under fruit
trees (GKT2), Land cover by vegetables (GKT3), Dike protection - prevent
flooding (GKT4), Intercropping and crop rotation (GKT5), Digging wells for
irrigation (GKT6)

(2015), Prasada and Masyhuri
(2020), Dera et al (2022)
Saint-Macary et al. (2010),
Kamaldeen (2015), Zhang et
al. (2017), Kyeyune and Turner
(2016), Tombolini et al.
(2022b), Tuan and Heged(s
(2022)

Nguyen and Hens (2020),
Ravetz et al. (2013), Fei (2022)

Saint-Macary et al. (2010),
Nguyen and Hens (2020)

Tombolini et al. (2022b), Zhang
et al. (2017), Prasada and
Masyhuri (2020), Wang et al.
(2023)

Zhang et al. (2017), Kyeyune
and Turner (2016), Wang et al.
(2023)

Saint-Macary et al. (2010),
Prasada and Masyhuri (2020)

Nguyen and Hens (2020), Tuan
and Heged(s (2022),
Tombolini et al. (2022b)

Saint-Macary et al. (2010),
Kyeyune and Turner (2016),
Ravetz et al. (2013)

Quang et al. (2014), Nguyen
and Hens (2020), Prasada and
Masyhuri (2020)

Subsequently, we select indicators for integration into the PSR model. The chosen criteria include the weighted mean

(wM) and the weighted standard deviation mean (wstD), both of which are recognized as reliable measures commonly
utilized for indicator selection (Kamaldeen 2015; Nguyen and Hens 2020). Through calculations of wM and wstD, we
categorized the indicators into five levels: from 1.0 to 1.8 as "very low"; from over 1.8 to 2.6 as "low"; from over 2.6 to 3.4 as
"moderate"; from over 3.4 to 4.2 as "high"; and from over 4.2 to 5 as "very high".

Data analyses are conducted for each landscape, leading to the establishment of connections between individual PSR
elements. Each distinct PSR elucidates the concept of sustainable LUS within its respective region ( Bing-zhong 2002).
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Consequently, the significance and role of each subregion are leveraged to establish regional linkages among the studied
landscapes. The calculations for wM and wstD are performed as follows:

nyoroxs

w = kI o)
- 2

wstD = Z[XLTWM] (3)

where Y'f is the total frequency of the research indicator; f(X,) is the frequency or number of responses to level n
(n=1,2,...,5); Xi represents each value on the 5-point Likert scale; and N is the total number of answers.

3. Results
3.1. LQl pressure-state-response analysis for highland landscapes

In the highland landscape (SZ1), 72 out of 75 selected LQls were included for analysis. However, indicators related to
industrial craft villages (XH11), flooding during the rainy season (MT06), and the planning of craft village industrial clusters
(GCS3) were excluded by local households and authorities (Figure 4, Appendix 1). Given the mountainous terrain of this
landscape, it experiences minimal flooding during the rainy season, and no industrial clusters are present. Consequently, the
local LUS is predominantly influenced by natural factors rather than socioeconomic and macropolicy factors. Specifically,
drought (TNO2 = 3.57) and sloping land (TNO8 = 4.14) were the primary factors contributing to water scarcity during the dry
season (MTO02 = 4.12).

The advent of the Green Revolution (GR) in agriculture marked a significant milestone in this sector, yielding
numerous societal and economic benefits. It has gradually transformed agricultural LUS and local cultivation practices (S3 =
2.94; S2 = 2.64). However, GR can also cause environmental depletion, soil erosion, and land degradation due to resource
overutilization and adverse effects on biodiversity (S1 = 3.44). Soil erosion became particularly pronounced during the rainy
season (MTO1 = 3.66) in this context. To mitigate pressure on agricultural production, the community optes for solutions
rooted in traditional conservation practices, e.g., terraced farming (GTT1= 3.54), contour line cultivation (GTT3 = 3.50), and
indigenous techniques, e.g., self-constructed irrigation and drainage wells (GKT6 = 3.31). These solutions, endorsed by local
authorities, are instrumental in fortifying canals and irrigation projects, thereby establishing a verdant corridor for Hanoi city,
curtailing erosion, and minimizing irrigation water usage.

3.2. LQl pressure-state-response analysis for lowland landscapes

All 75 LQls are endorsed by both locals and authorities in the lowland landscape (SZ2) (Figure 5, Appendix 2).
Agroforestry LUS is influenced by a combination of natural and socioeconomic factors. Notably, urbanization (XHO7 = 3.36),
population growth (XHO1 = 3.34), and market price imbalances (XHO5 = 3.03) emerge as the most frequently cited
socioeconomic influences. While positive changes are evident in the State group, opportunities for exporting products such
as Long Phu tea (SD03 = 3.81) to consumer areas (KTO7 = 3.60) are recognhized. However, challenges such as water scarcity
during the dry season (MTO02 = 3.72) and soil pollution (MTO05 = 3.41) are escalating concerns. Soil contamination, attributed
to various production activities, including the use of toxic chemicals in agriculture (e.g., chemical fertilizers) and industrial
processes, poses a significant threat. The introduction of chemical fertilizers and pesticides associated with the GR disrupts
farmers' longstanding indigenous knowledge systems, which have accumulated over generations, concerning environmental
factors, climate, and land cultivation practices. Local farming practices underwent substantial transformation during this
period (S3 = 3.16), with haphazard and irresponsible techniques contributing to soil degradation and pollution (S1 = 3.30).

Peri-urban farmers experience land loss (SD11 = 2.80) due to the conversion of agricultural land for urban and
industrial purposes, resulting in only average income levels from agricultural production (KTO8 = 3.06). Among the chosen
indigenous techniques, self-dug wells for irrigation and drainage (GKT6 = 3.26) and contour line crop cultivation (GTT3 = 3.23)
are deemed the most effective. Embracing diversified organic and ecological agricultural systems (GSD2 = 3.18) represents
the primary farming approach, facilitating income enhancement while curbing environmental degradation. The principal land
use recommendations underscore the prioritization of environmental considerations (GCS6 = 2.69) and the strategic planning
of craft villages and complex industrial clusters (GCS3 = 2.40).

3.3. LQl Pressure-State-Response analysis for delta-flood landscapes

For local households in the delta-flood landscape (SZ3), 61 out of 75 LQls were selected, omitting TNO4, TNO8, XH06,
XH09, VMO06, SD02, SD07, SD09, SD10, KT05, GTT1, GTT3, GSD4, and GCS5. Socioeconomic factors had greater effects on
agricultural activities in this landscape than in other peri-urban areas in Hanoi: population growth (XHO1 = 3.96), price
imbalances (XHO5 = 3.71), urbanization (XHO7 = 3.62), and waste from industries and handicraft villages (XH11 = 3.55)
exerted significant influences on natural factors (Figure 6, Appendix 3). Rice cultivation, which is prevalent in peri-urban
areas, is particularly impacted by macropolicy factors such as land consolidation (VMO05 = 3.68). Although soil erosion is



https://www.malque.pub
https://www.malque.pub/ojs/index.php/msj
https://doi.org/10.31893/jabb.21001

negligible due to the topographical elevation, signs of land degradation, pollution, and landslides along the riverbanks are
apparent in this area (S1 = 3.04). The adoption of local farming practices shifted gradually (S3 = 3.03).

Notably, SZ3 exhibited the most significant results among the subregions based on the analysis of 17 soil samples. The
decrease in organic matter content in SZ3 impacted soil productivity (MT04 = 3.24). Floods, which are particularly prevalent
during the rainy season along the Tich River, adversely affect livelihoods (MT06 = 3.75). Hence, strategies to fortify dikes and
mitigate flood risks garner considerable attention from both local farmers and officials (GKT4 = 3.06). Concurrently,
stakeholders in this area prioritize land use policies such as enhancing community engagement in land use planning (GCS1 =
3.04), addressing social issues and environmental pollution (GCS2 = 3.12; GCS6 = 3.01), and promoting local agricultural
product branding and expanding consumer markets to cater to urban demand (GCS4 = 3.02).

3.4. LQl Pressure-State-Response analysis for alluvial landscapes

Sixty-one out of 75 LQls, excluding TNO4, TN08, XH06, XH09, VMO06, SD02, SD07, SD09, SD10, KT05, GTT1, GTT3, GSD4,
and GCS5, responded. Indicators deemed atypical of agricultural land use in such areas are omitted from the comprehensive
set of indicators for peri-urban Hanoi. Socioeconomic factors have emerged as predominant concerns compared to other
categories (Figure 7, Appendix 4). Price imbalances (XHO5 = 4.23), inadequate storage and processing facilities for agricultural
products (XH12 = 4.02), and inadequate waste management in industrial parks and handicraft villages (XH11 = 4.02) exert the
most significant influence on the LUS of vegetables and fruit trees. Local farmers undergo significant changes in cultivation
practices (S3 = 3.43), prompting alterations in agricultural LUS (S2 = 2.99). The integration of modern science and technology
into farming practices (KT04 = 3.76) bolsters the quality and quantity of cash crops (SD03 = 4.06). The diversification of
organic LUS represents the most promising response in terms of soil conservation and income enhancement for farmers
(SD12 = 3.90), facilitating progress toward sustainable and eco-friendly agriculture (S1 = 2.43). However, irrigation water
remains insufficient for agricultural lands (TNO1 = 4.01), exacerbated by pollution from industrial parks and handicraft village
waste (XH11 = 4.02).
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4. Discussion

The evaluation and monitoring of LQl pose complex and challenging tasks, particularly within the recent dynamic
context of GR and urbanization in Vietnam. Previous methodologies, such as those suggested by the FAO (1976), provide
valuable insights but face limitations in integrating the increasing number of LQls within evolving agricultural landscapes. For
instance, Dan et al. (2018) employed eight indicators for agricultural land assessment, necessitating intricate map integration
using GIS. However, as the number of indicators grows, constructing comprehensive land unit maps becomes increasingly
complex. Similarly, Zhang et al. (2022) and Song et al. (2022) explored various aspects of LQl, highlighting challenges in
connotation structure and evaluation methodologies.

Challenges in studying LQI revolve around understanding leading regional factors, employing effective observation
and simulation techniques, and utilizing comprehensive evaluation theories and methods. Existing spatial estimation
practices often struggle to capture the dynamic interactions of main factors and change processes. Statistical analysis
methods, while useful, may fall short in addressing crucial questions regarding regional leading factors and their impact on
arable land quality. Long-term surveys and observations at various scales are imperative for understanding the internal logic
of leading factors within the human-environment system.

In this study, the integration of the LQIl into PSR frameworks enables the evaluation of agricultural LUS across distinct
landscapes in the peri-urban Hanoi capital city of Vietnam. Although the suitability of the PSR model is acknowledged, its
application to peri-urban areas requires further validation and detailed analysis. This integration offers a holistic perspective
on agricultural land use, providing diverse responses to sustainably manage LUS in peri-urban areas with varying
socioecological settings. As urbanization and socioeconomic development exert pressure, assessing peri-urban agricultural
LUS demands a comprehensive set of LQls, as demonstrated in this study.

The PSR framework serves as a valuable analytical tool for evaluating LUS with consideration of GR, offering a
systematic approach to understanding and facilitating decision-making. Its arrangement of data into pressure, state, and
response elements aids in comprehending the dynamics influencing agricultural land use. By identifying systemic pressures,
the framework establishes a foundation for assessing the ecological ramifications of these pressures on land conditions. The
state component facilitates a comprehensive evaluation of environmental repercussions, while the response component
evaluates policies and interventions aimed at resolving identified challenges. For example, crop restructuring (VMO01) and
land consolidation (VMO5) help develop large specialized production areas such as organic vegetable production areas
towards a sustainable Green Revolution in peri-urban area in Hanoi.
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The landscapes examined in this study are intricately linked, each playing a unique role in enhancing the economic
development of the urban center (Quoc Oai DPC, 2020). First, highland landscapes, characterized by LUSs comprising
protective and productive forests, serve a crucial function in mitigating natural disasters, such as landslides and floods, from
upstream to downstream areas, also contributing to environmental sustainability. Second, the lowland landscapes serve as
seed and crop providers, supporting rural development within the green corridor and encompassing ecological regions
accessible to inner-city dwellers. Third, delta flood landscapes provide readily available food, such as rice, corn, and potatoes,
to both peri-urban and inner-city populations. Last, the alluvial landscapes yield organic vegetable products, fresh vegetables,
and specialty fruit trees, serving as a vital subregion that helps Hanoi avoid floods during the rainy season, functioning as the
outlet for draining floodwater.

The study findings indicate that the LUS in highland landscapes is significantly influenced by natural and disaster-
related factors, such as sloping land, scarce irrigated water, and drought (biophysical drivers). This aligns with the
observations of (Nguyen and Hens, 2020), who highlighted heightened disaster perceptions in mountainous areas.
Populations in these areas are particularly vigilant due to extensive sloping land, frequent landslides, insufficient irrigated
water resources, and recurring droughts. Furthermore, deforestation in the highland subregion leads to diminished
vegetation cover, exacerbating agricultural LUS fragmentation due to topographical factors.

We observe differences in the perceptions of landscapes, with participants in lowlands assigning higher evaluations to
both natural and socioeconomic factors. This perception is consistent with studies by Ravetz et al. (2013) and Prasada and
Masyhuri (2020), indicating that biophysical impacts on agricultural land use are perceived as less significant in areas with
lower slopes. The divergence is attributed to substantial pressure from urbanization and population growth in lowland
regions, resulting in reduced agricultural LUS areas and directly impacting farmers' livelihoods (Ravetz et al., 2013; Prasada
and Masyhuri, 2020). For example, according to the plan of the Hanoi People's Committee, the urbanization rate of Hanoi by
2025 will reach about 60 - 62%. By 2030, it will reach about 65 - 75%. On average each year, Hanoi's population increases by
more than 200,000 people, of which more than 1/3 are people from outside the province immigrating to the capital. One of
the reasons is that tourism and industry are strongly developing, attracting workers. In 2024, Hanoi aims to welcome 26.5
million visitors (an increase of 10.4% compared to 2023). The land fund for the above activities is largely taken from peri-
urban agricultural land. Socioeconomic factors and macroeconomic policies emerge as principal determinants influencing
agricultural LUS in delta flood landscapes, affecting local cultivation practices, as well as the quality of soil and water
environments. This finding resonates with previous studies (Kamaldeen 2015; Madalla and Majule 2016), highlighting the
challenges faced by agricultural LUSs due to socioeconomic and policy factors. The encouragement of new technologies to
replace traditional techniques is evident.

In the alluvial landscape, the study findings reveal a transition toward organic and ecological practices, particularly in
vegetable production areas, aligning with the principles of sustainable land-use planning and aiming for a new sustainable
Green Revolution. A sustainable agricultural LUS is pivotal for achieving a sustainable GR and mitigating the negative
biological, environmental, and socioeconomic impacts of land use. Organic farming has emerged as a crucial tool for attaining
green yields and reducing the adverse effects of conventional farming by eliminating synthetic chemical inputs during
production. This finding is corroborated by Nguyen et al. (2020), underscoring the importance of organic farming. Hence, a
sustainable Green Revolution must prioritize environmental friendliness, eschewing environmental degradation for high crop
productivity, emphasizing biodiversity, and leveraging the diversity of traditional ecosystems based on organic ecological
agricultural LUS, integrating indigenous and scientific knowledge. This awareness has also been endorsed in local land-use
planning up to 2030, with a visionary outlook to 2050 (Quoc Oai DPC, 2020). For example, currently the peri-urban areas in
Hanoi have strongly transformed into organic vegetable growing areas, towards a sustainable Green Revolution such as Hoa
Vien organic vegetables (Thach That district), Quang Yen organic vegetables (Quoc Oai district), Hiep Thuan organic
vegetables (Phuc Tho district),... This helps increase income for farmers living in the suburbs. In the same agricultural
cooperative, the average income of organic vegetable farming households is 400 - 450 million VND/ha/year higher than that
of conventional farming households.

5. Conclusions

In this study, a comprehensive set of 75 LQls is proposed for monitoring various types of peri-urban agricultural LUSs
in peri-urban Hanoi. These indicators hold significant importance in informing urban planning initiatives, particularly amidst
the ongoing processes of industrialization and modernization in developing countries. Employing the PSR framework, the
built LQI facilitates the assessment of the agricultural development trajectory across four distinct landscapes. Given the
unique pressures faced by each landscape, it is imperative to adapt land use planning orientations and solutions accordingly.
Detailed quantitative analysis of these indicators can significantly aid decision-makers in formulating sustainable land
management strategies, thus contributing to a sustainable Green Revolution.

Currently, land assessments in many localities, including Vietnam, predominantly rely on the process outlined by the
FAO (1976). However, in light of the contemporary challenges posed by urbanization in peri-urban areas, we advocate the
integration of a set of LQls within the PSR framework as a more suitable alternative to the traditional FAO approach. The
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traditional process, which selects the LQl to construct land unit maps, faces considerable difficulty in peri-urban areas, where
agricultural land use is increasingly influenced by multifaceted economic, social, and environmental factors. As demonstrated
in this study, the integration of LQI within the PSR framework has emerged as an effective tool for assessing the limitations of
the GR, conducting land use analysis, guiding land assessment, and informing land use planning initiatives.
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