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ABSTRACT

The variability of surface water resources has become one of the major challenges for urban agriculture development in
highland cities, particularly in Da Lat, Vietnam, where water plays a crucial role in commercial agricultural
production. This study aims to assess the impacts of surface water resource changes on urban agriculture in Da Lat in
recent years, through streamflow calculations and surveys of 300 farming households. Results indicate that surface
water in Da Lat during 1993-2024 exhibits strong seasonal fluctuations, with 75-80% of streamflow occurring in
the rainy season and only 20-25% in the dry season. Dry-season flow shows a declining trend, with record lows in
2011, 2015, and 2019. Household surveys reveal increasing exploitation pressures, mainly due to urbanization (mean
score >4.0), irrigation demand, and intensive farming practices (scores 3.7-3.9). Dry-season droughts (56% of
households reporting increases) and declining water quality (34.7%) emerge as key challenges. The most significant
impact is increased production costs (47.7%), while crop yields largely remain stable (75%) due to seasonal adjustments
and technical investments. These findings indicate that surface water variability is heightening the risk of shortages
and increasing costs, threatening the sustainability of urban agriculture.
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1. INTRODUCTION

Climate change is causing significant alterations to water resources, particularly surface water, which plays
a critical role in maintaining ecosystems and food security [1]. Rising temperatures, changing precipitation
patterns, and increasing frequency of extreme weather events have heightened the risk of water scarcity,
directly impacting agricultural production, especially in rapidly urbanizing areas [2]. Globally, urban
agriculture is considered an important strategy to enhance climate adaptation and secure livelihoods for
communities [3].

In Vietnam, numerous studies indicate that climate change has already affected agricultural production
through changes in crop yields, growing seasons, and irrigation demands [4]. Da Lat - the country’s high-
tech agricultural hub, renowned for its vegetables and flowers - relies heavily on lakes, streams, and small
rivers to meet irrigation needs. In recent years, local surface water resources have exhibited strong
fluctuations: depletion during the dry season, unusually high levels during the rainy season, and increasing
exploitation pressure due to the expansion of greenhouse areas.

Some domestic studies have focused on evaluating land suitability and agricultural land-use efficiency in
Da Lat [5], while others analyzed farmers’ adaptation strategies to climate change in production [6].
However, these works primarily approach the issue from the perspectives of land or adaptive practices,
without deeply analyzing the relationship between surface water resource changes and urban agricultural
production. In contrast, international research has highlighted the critical role of urban agriculture in
linking water resource management with urban resilience [1][2].

This research gap underscores the urgent need for systematic analysis of the impacts of surface water
resource changes on urban agriculture in Da Lat. Accordingly, this study aims to: (i) clarify the variations
in surface water systems in recent decades; and (ii) assess specific impacts on urban agricultural production,
particularly from the perspective of farming households - the group both directly affected and actively
adjusting production activities. The findings are expected to provide a scientific basis for policymaking in
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water resource management and sustainable urban agriculture development in Da Lat and, more broadly,
in Vietnam’s highland cities.

2. RESEARCH METHODOLOGY
2.1. Data Collection Methods
2.1.1. Secondary Data Collection
Secondary data were collected from meteorological and hydrological sources, including monthly and
annual precipitation, temperature, and streamflow data from 1993 to 2024. These data were obtained
from the Lam Dong Meteorological and Hydrological Station and the Central Highlands Regional
Meteorological and Hydrological Station, Vietnam.
2.1.2. Primary Data Collection
The sample size for this study was determined based on the requirements of exploratory factor analysis
(EFA) and multiple regression analysis. Specifically, according to Hair et al. (1998), the minimum sample
size for EFA should be at least five times the number of observed variables (n = 5m) [7]. For multiple
regression analysis, Green (1991) recommends the formula n > 50 + 8m, where m represents the number
of independent variables [8]. Accordingly, a survey was conducted with 300 farming households engaged
in agricultural production in Da Lat. The survey assessed the impacts of surface water resource changes
on urban agricultural production using the DPSIR (Driver-Pressure-State-Impact-Response) analytical
framework.
2.2. Data Analysis Methods
2.2.1. Streamflow Calculation Method
Based on the collected data and the existing network of meteorological and hydrological monitoring
stations, this study applied the similar watershed method, which has been widely used in hydrological
studies in Vietnam [9][10], to estimate the streamflow in Da Lat.

Ftt X()tt
General Formula: Q= —x—xQV
Notes: Fov  Xow
Q": Mean annual streamflow of the target catchment.
Q": Mean annual streamflow at the reference hydrological station.
F.: Area of the reference hydrological station catchment.
F.: Area of the target catchment.
Xow: Mean annual rainfall at the reference hydrological station catchment.
Xow: Mean annual rainfall over the target catchment.
2.2.2. DPSIR Framework Analysis Method
This study selected assessment factors based on the DPSIR framework [11] to clarify the causal relationship
between surface water resource fluctuations and urban agricultural production in Da Lat.
Table 1. Assessment Factors Based on the DPSIR System Analysis Framework
No. Main component Evaluation factors

1 Driver (D) * Variability of surface water resources

¢ Urbanization process

2 Pressures (P) e Increasing irrigation demand
 Expansion of urban agriculture

* Dry-season drought and water scarcity
3 States (S) e Irrigation water quality

 Use of fertilizers and pesticides

* Cropping calendar or crop structure

4 Impacts (I) ¢ Production costs

* Crop yields

The selected factors are designed to fully reflect the cause-effect-response chain within the DPSIR system,
thereby providing a scientific basis for assessing and proposing water resource management policies to
support sustainable urban agriculture development in Da Lat.

2.2.3. Likert Scale Method
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To quantify farmers’ perceptions of the factors within the DPSIR framework, this study applied a 5-point
Likert scale [12]. The combination of the DPSIR framework and this scale ensures a systematic analysis
while transforming qualitative perceptions into quantitative data. This approach allows for comparison of
the relative influence of different factors and supports the formulation of scientifically grounded and
feasible water resource management strategies for urban agriculture.

Table 2. Survey Scale for Assessing the Impact Level of DPSIR Factors

Scale Meaning

| = Strongly Decreased Factor significantly decreased; highly positive impact compared to
before

2 = Decreased Factor moderately decreased; noticeable reduction

3 = No Change Factor remained almost unchanged; stable condition

4 = Increased Factor moderately increased; negative impacts started to appear

5 = Strongly Increased Factor significantly increased; strong negative impacts observed

2.2.4. Data Compilation, Statistical Analysis, and Processing Method

The collected data were first checked for completeness, consistency, and outliers. Subsequently, multiple
regression analysis was applied to assess the impacts of surface water resource changes on the factors within
the DPSIR framework. All statistical analyses were conducted using Excel and SPSS 26.0.

3. RESULTS AND DISCUSSION

3.1. Assessment of Factor Impacts

a. Dominant Factors

The results of the total streamflow calculations for the watersheds in Da Lat City, Laim DPong Province,
Vietnam, are presented in the following table:

Table 3. Total Surface Water Flow in Da Lat City over the Years

Flow (10° m>)
Cam Ly Da Tam Da Nhim Da Hiong
Years River Basin River Basin River Basin Stream Basin

Dry Rainy | Dry Rainy | Dry Rainy | Dry Rainy Total

season | season | season | season | season | season | season | season
1993 36,7 83,4 27,1 58,9 17,5 38,0 14,2 | 30,8 306,6
1994 39,7 93,3 25,3 70,6 16,3 45,6 13,3 37,0 | 3411
1995 29,5 90,1 194 |66,0 12,5 42,6 10,1 34,6 304,7
1996 50,3 97,3 36,3 68,8 234 | 443 19,0 |36,0 |3754
1997 52,2 114,3 | 30,2 | 88,9 19,5 57,3 158 | 46,6 4249
1998 584 97,2 50,0 60,6 32,3 39,1 26,2 | 317 3954
1999 83,6 129,3 | 42,1 112,3 | 27,1 72,4 22,0 | 58,8 547,5
2000 58,5 126,5 | 454 | 86,7 29,3 55,9 23,7 454 14714
2001 41,2 64,0 32,0 | 463 20,6 29,9 16,7 24,2 275,0
2002 33,9 93,0 299 160,2 19,3 38,8 15,7 31,5 3223
2003 41,2 115,6 | 33,5 78,6 21,6 | 50,7 17,5 41,2 399,9
2004 39,2 71,3 254 1589 16,4 | 38,0 13,3 30,8 299,2
2005 31,8 89,9 22,2 | 64,2 14,3 41,4 11,6 | 33,6 309,1
2006 34,7 106,1 | 23,6 76,9 152 49,6 124 1403 358,7
2007 51,7 167,3 | 314 123,2 | 20,3 79,5 16,4 | 64,5 554,2
2008 47,0 82,6 346 |595 22,3 38,4 18,1 31,1 333,7
2009 61,6 122,2 | 34,2 97,6 22,1 62,9 179 |51,1 469,7
2010 47,1 103,6 | 45,5 63,0 294 | 40,6 238 329 385,9
2011 43,2 103,6 | 30,1 75,9 194 1490 15,7 39,7 376,6
2012 53,2 93,5 33,6 71,9 21,7 46,4 17,6 37,6 3754
2013 53,2 137,7 | 359 99,8 23,2 64,4 18,8 | 52,3 485,3
2014 61,8 159,2 | 36,9 1204 | 23,7 77,6 19,3 63,0 |561,8

1510




International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 7, 2025
https://www.theaspd.com/ijes.php

2015 42,2 97,8 27,7 73,5 17,9 47,4 14,5 38,5 359,4
2016 45,7 108,2 | 35,6 74,6 22,9 48,1 18,6 39,1 3929
2017 84,8 159,6 | 48,0 127,5 | 31,0 82,2 25,1 66,7 624,9
2018 48,9 105,2 | 39,9 73,4 257 47,3 20,9 38,4 399,8
2019 51,7 91,9 35,0 69,2 22,5 44,7 18,3 36,2 369,5
2020 45,6 142,6 | 34,9 98,6 22,5 63,6 18,3 51,6 471,17
2021 53,0 125,6 | 39,1 89,2 25,2 57,5 20,5 46,7 457,0
2022 70,6 112,0 | 39,8 92,5 25,7 59,6 20,9 48,4 469,4
2023 56,9 138,4 | 33,8 107,2 | 21,9 69,1 17,7 56,1 501,2
2024 52,5 131,3 | 40,2 91,6 25,9 59,0 21,1 479 469,6
Average | 50,1 111,2 | 34,3 81,5 22,1 52,5 18,0 42,6 412,4

Total Streamflow of Da Lat City (10° m?)
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Figure 1. Temporal Variation of Surface Water Flow in Da Lat over the Years
Analyzing the time series of total surface water flow from 1993 to 2024, surface water resources in Da Lat
exhibited significant spatial and temporal variability. Analysis of the four main watersheds - Cam Ly River,
Da Tam River, tributaries of the Da Nhim River, and the upper Da Hiong Stream - revealed a pronounced
seasonal contrast: the rainy season typically contributes 75-80% of the annual total flow, while the dry
season accounts for only 20-25%. Average flows during the rainy season were recorded at 111.2 million
m? for Cam Ly, 81.5 million m? for Da Tam, 52.5 million m? for Da Nhim, and 42.6 million m? for Da
Hiong, whereas during the dry season, flows reached only 50.1, 34.3, 22.1, and 18.0 million m?3,
respectively.
Notably, dry-season flows show a gradual declining trend over time, accompanied by increasing variability.
The years 2011, 2015, and 2019 represent record lows, with total flows falling below historical averages,
reflecting the combined effects of irregular dryseason rainfall, rising temperatures, and altered
hydrological regimes under climate change. In addition, occasional abnormal flow increases were observed
in some years (1999, 2017), but these were short-term events and do not represent long-term trends.
Thus, the dynamics of surface water resources in Da Lat demonstrate high instability: strong seasonal
differentiation coupled with irregular annual fluctuations. Meanwhile, water demand for agriculture,
tourism, and domestic use has been rising rapidly, particularly during the dry season, increasing the risk
of water scarcity. This situation highlights that surface water variability is not merely a natural
phenomenon but also a consequence of the interaction between climate change and increasing
exploitation pressure. It underscores the urgent need for flexible, balanced, and long-term adaptive
strategies for surface water management, extraction, and utilization.

1511



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 7, 2025
https://www.theaspd.com/ijes.php

b. Pressure Factors

The survey on pressure factors of surface water variability on urban agriculture in Da Lat indicates
differentiated levels of influence across factors.

For urban agricultural development, nearly half of respondents (48.3%) perceived the level of pressure as
increasing, while 32.7% assessed it as strongly increasing. In contrast, only 14.0% reported no change and
4.6% observed a decrease. This suggests that the expansion and intensification of urban agr icultural
practices are placing growing pressure on the exploitation and utilization of surface water resources.

Expansion of urban agriculture |40 48.3 L 327
§ 1.7
2 Increasingirrigation demand  [JHEEINNZGNN 39.3 .20
g 1.7
Urbanization process H 44.3 _

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Strongly Decreased W Decreased  m No Change Increased  ® Strongly Increased

Figure 2. Survey results on pressure factors

With regard to irrigation demand, 39.3% of households reported increasing pressure, and 24.0%
identified a strong increase. Meanwhile, 26.7% considered the situation unchanged, and only 10.0%
indicated decreasing or strongly decreasing pressure. These findings highlight the escalating irrigation
requirements associated with the expansion of vegetable, flower, and other urban crop cultivation in Da
Lat, which further intensify stress on surface water resources already showing signs of decline in volume,
quality, and spatial-temporal distribution.

For urbanization, the pressure is particularly pronounced, with 44.3% of respondents indicating an
increase and 38.3% a strong increase. By comparison, only 8.3% reported no change, while 9.0%
perceived decreasing or strongly decreasing impacts. This reflects how rapid urbanization in Da Lat in
recent years has not only reshaped land-use structures but also intensified competition for water resources
among domestic, tourism, and agricultural demands.

Overall, the survey results clearly demonstrate that urbanization, urban agricultural expansion, and rising
irrigation demand are all widely perceived as increasingly significant pressures. This underscores urgent
concerns regarding the sustainability of surface water resources in Da Lat, calling for rational and
integrated water management strategies that balance urban development with agricultural production.

c. State Factors

The survey results on state factors of surface water variability affecting urban agriculture in Da Lat reveal
several critical issues.

Use of fertilizers and pesticides —

2.0

s
Irrigation water quality h 54.7 _
Dry-season drought and water scarcity _ 56.0 -

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

States

B Strongly Decreased  ® Decreased  m No Change Increased M Strongly Increased

Figure 3. Survey results on state factors
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Regarding the use of fer tilizers and pesticides, 44.0% of households reported no change, while 35.3%
perceive d an increase and 8.3% a strong increase. Only 12.3% indicated a decrease or strong decrease.
This suggests that the trend of rising agricultural input use persists, closely tied to the need to sustain crop
yields and manage pests under increasingly unstable environmental conditions.

Concerning the quality of irrigation water, the majority of farmers (54.7%) perceived no change. However,
34.7% reported a marked decline and 7.3% noted a slight decline, while only 3.3% observed
improvement. These findings highlight widespread concerns about deteriorating surface water quality,
potentially linked to pollution from urbanization, intensive farming practices, and domestic activities.
Notably, drought and water scarcity during the dry season were perceived as increasing significantly: 56.0%
of respondents indicated an increase and 15.0% a strong increase. Only 21.7% reported no change, while
decreases were negligible. This stands out as the most critical factor, reflecting how climate change and
urbanization pressures are intensifying dry-season water shortages, thereby posing direct threats to the
sustainability of urban agriculture.

In summary, the survey highlights two particularly pressing issues: the decline in irrigation water quality
and the worsening drought and water scarcity during the dry season, alongside the continued rise in
fertilizer and pesticide use. These findings underscore the urgent need for effective water resource
management, pollution control, and the promotion of sustainable agricultural practices to enhance
climate change adaptation in Da Lat.

d. Impact Factors

The survey results on the impacts of surface water variability on urban agricultural production in Da Lat
indicate marked differences across factors.

Crop yields h 75.0 5.(]'7
Production costs h 20.7 47.7 -
|

Impacts

Cropping calendar or crop structure 44.0 28.7 -

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Strongly Decreased M Decreased  H No Change Increased M Strongly Increased

Figure 4. Survey results on impact factors

For crop yields, t he majority of households (75.0%) reported no change compared with previous years;
however, 11.7% perceived a decline and 6.7% a strong decline. Conversely, only 6.7% observed an
increase or strong increase. This suggests that fluctuations in water resources have not led to notable yield
improvements, but rather pose potential risks of decline.

Regarding production costs, the increasing trend was striking: 47.7% of households reported higher costs
and 20.0% a strong increase, while only 20.7% noted no change. The proportion reporting reduced costs
was limited to 11.6%. These findings reflect that surface water variability compels farmers to invest more
in irrigation, fertilizers, pesticides, and technical measures, thereby driving production costs upward.

For cropping calendars and crop structures, 44.0% of households reported no change, but 28.7% observed
rising pressures and 9.0% a strong increase, while 18.4% indicated declines. This indicates that water
variability has, to some extent, forced farmers to adjust planting schedules and crop choices, especially for
vegetables and flowers requiring stable irrigation.

Overall, the results show that the most significant impact of surface water variability lies in rising
production costs, while crop yields remain relatively stable but show a tendency to decline among certain
households. At the same time, adjustments in cropping calendars and crop structures are evident,
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underscoring the need for improved water management and technical support to reduce costs, stabilize
yields, and sustain urban agricultural development in Da Lat.

3.2. Assessment of the Impact Levels of Factors

The results of the assessment of impact levels for the factors within the DPSIR framework are presented
in the following figure:

Urbanization process

Crop yields

Increasing irrigation demand

Expansion of urban

Production costs .
agriculture

Cropping calendar or crop
structure

Dry-season drought and
water scarcity
Use of fertilizers and

pesticides Irrigation water quality

Figure 5. Assessment of Factor Impact Levels - Based on Farmers’ Perceptions

The results from the radar chart indicate that changes in surface water resources have strongly impacted
urban agricultural production in Da Lat. First, urbanization was assessed as having the greatest influence
(average score above 4.0), reflecting that urban expansion has intensified competition for water among
domestic, tourism, and agricultural demands.

In addition, increased demand for irrigation water and urban agricultural development were also rated as
highly impactful (approximately 3.7-3.9 points). This suggests that agricultural production in Da Lat,
which heavily relies on surface water, is under significant pressure due to the intensive cultivation of high-
value crops such as vegetables and flowers, which require substantial water resources.

Notably, dry-season droughts and water shortages, together with declining irrigation water quality, were
assessed as having considerable impact levels (around 3.5-3.6 points). This situation not only threatens
crop yields but also increases production costs, as farmers must seek or treat alternative water sources.
Moreover, factors such as cropping calendar, crop structure, and production costs were impacted at a
moderate level. This reflects that changes in water resources force farmers to adjust planting schedules,
restructure crops, and invest additional resources to maintain production. However, the impact on crop
yields was lower compared to other factors, indicating that farmers are still able to adapt to maintain
production efficiency, albeit at the cost of higher input expenses or altered cultivation techniques.
Overall, the radar chart shows that surface water resource variability primarily affects three key areas: (i)
competitive pressure and increased water demand due to urbanization and intensive cultivation, (ii) risks
of water shortage and declining water quality during the dry season, and (iii) rising production costs
alongside changes in crop structure. These factors could directly threaten the sustainability of urban
agriculture in Da Lat in the future.

4. CONCLUSIONS

This study highlighted the multidimensional impacts of surface water resource fluctuations on urban
agricultural production in Da Lat using the DPSIR framework combined with impact-level measurement.
Results show that surface water resources in Da Lat exhibit strong seasonal differentiation, with 75-80%
of flows concentrated in the rainy season and only 20-25% in the dry season; notably, the years 2011,
2015, and 2019 recorded record-low declines. Farmer surveys indicated that urbanization (>4.0 points),
irrigation demand, and intensive agriculture (3.7-3.9 points) are the primary pressures, while dry-season
droughts (56% of households reporting increase) and declining water quality (34.7%) emerged as major
challenges. The most pronounced impact was increased production costs (47.7%), while crop yields were
largely maintained through adjustments in cropping seasons and increased technical investments (75% of
households reporting stable yields). These findings suggest that surface water variability increases the risk
of shortages and higher costs, threatening the sustainability of urban agriculture. Therefore, flexible water
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resource management, pollution control, rational allocation between urban and agricultural use,
promotion of water-saving irrigation technologies, and climate-adaptive farming models are essential.

STUDY LIMITATIONS

While this study clarified the impacts of surface water fluctuations on urban agriculture in Da Lat, several
limitations remain. Data were primarily based on farmer surveys, which may be influenced by subjectivity;
the temporal scope of analysis was limited; and the methodology relied mainly on linear statistical models,
without integrating simulation tools or spatial analysis. Future research should use long-term datasets,
mixed-method approaches, and modern modeling tools to enhance reliability and comprehensiveness in
assessment.
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