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Changes in land cover within urban areas can reduce infiltration capacity and increase surface 

runoff. This study aims to evaluate infiltration rates, surface runoff, and the sensitivity of land 

cover changes within the core area of the Widya Mandira Catholic University (UNWIRA) 

Kupang campus using the Horton Model. Field measurements were conducted using a double-

ring infiltrometer at three observation points representing vegetated land, semi-permeable 

surfaces, and impervious/built-up areas. The Horton parameters were calibrated through 

nonlinear optimization by minimizing the Root Mean Square Error (RMSE), after which they 

were applied to estimate cumulative infiltration over a 60-minute period. Surface runoff was 

estimated based on design rainfall with return periods of 2, 5, and 10 years, while sensitivity 

analysis was performed through scenarios involving a 1–5% reduction in permeable land area. 

The calibration results produced RMSE values ranging from 0.894 to 2.001 cm/hour. Zone 2 

exhibited the greatest infiltration capacity, reaching 2,405.42 m³, whereas Zone 3 had the 

lowest infiltration capacity, 618.33 m³, and generated the highest R₁₀ runoff volume of 

1,090.07 m³. Under the scenario involving a 5% reduction in permeable area, runoff in Zone 1, 

Zone 2, and Zone 3 increased by 8.28%, 18.87%, and 2.84%, respectively. These findings 

indicate that Zone 2 is the most sensitive in relative terms, whereas Zone 3 is the most 

vulnerable based on its actual runoff volume. Overall, the results underscore the importance 

of preserving permeable areas and enhancing infiltration facilities in future campus 

development. 
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INTRODUCTION 

Infiltration is one of the fundamental processes within the 

hydrological cycle that plays a critical role in maintaining water 

resource balance, particularly in the context of stormwater 

management in urban environments. The infiltration rate 

reflects the soil's capacity to absorb rainfall into its pore spaces 

and directly influences the volume of rainfall that is converted 

into surface runoff. When soil is unable to absorb rainfall 

efficiently, excess rainfall becomes surface runoff, potentially 

resulting in ponding or localized flooding. 

 

The Horton Model is among the most widely used empirical 

infiltration models because of its simplicity and its ability to 

describe the exponential decline in infiltration rate over time 

(Horton 1941). The model assumes that the infiltration rate 

decreases from its initial value (f₀) toward a constant infiltration 

rate (fc) as time progresses due to increasing soil saturation 

(Yang, Zhang, and Pan 2020). Numerous studies have 

demonstrated the effectiveness of this model in representing 

infiltration under a wide range of land-use conditions. 

 

Bagus et al. (2022), Annisa (2018), and Suryanto (2017) 

demonstrated that the Horton Model can accurately represent 

infiltration rates across various land-use types while remaining 

relatively straightforward to implement and calibrate. Within 

urban environments, Felix and Sentosa (2020) and Christian and 

Pranoto (2021) emphasized that limited soil infiltration capacity, 

combined with inadequate drainage system capacity, can 
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significantly increase surface runoff and the risk of urban 

flooding. Consequently, infiltration assessment should be 

integrated into flood mitigation and urban drainage planning. 

 

Based on this background, the present study was conducted to 

evaluate infiltration capacity, surface runoff generation, and the 

sensitivity of land cover change using the Horton Model within 

the core area of the UNWIRA Kupang campus. 

 

RESEARCH METHODS 

This study was conducted at the Widya Mandira Catholic 

University (UNWIRA) Kupang campus, located in Penfui Timur 

Village, Kupang Tengah District, Kupang Regency. Although the 

campus is administratively situated within the regency, it forms 

part of the urban agglomeration of Kupang City, characterized by 

a mixed land-use pattern consisting of built-up areas and open 

spaces. Field infiltration tests were carried out using a double-

ring infiltrometer at three observation points representing 

vegetated land, semi-permeable areas, and built-up surfaces. 

Although the university occupies an administrative area of 

approximately 396,016 m², this study focused specifically on the 

79,941 m² core campus area, which serves as the primary center 

of academic activities and exhibits the highest development 

intensity. The core campus area was selected because it is 

predominantly occupied by buildings, asphalt roads, and paved 

surfaces and is therefore more susceptible to land cover changes 

associated with future development. Accordingly, this area was 

considered representative for evaluating the relationship 

between land cover change, infiltration capacity, and surface 

runoff generation using the Horton Model. 

 

 
Figure 1. Study area 

 

The data collected in this study consisted of both primary and 

secondary data. Primary data were obtained through field 

measurements of infiltration rates using a double-ring 

infiltrometer at three observation points representing vegetated 

ZONE 

ZONE 

ZONE 
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land, semi-permeable land, and built-up land. Secondary data 

included: Daily maximum rainfall records obtained from the 

Lasiana Climatological Station (BMKG); Campus land-use data 

provided by the University's Planning Division; Measurements of 

built-up and open-space areas within the campus (in hectares); 

and topographic maps and land-use maps. 

 

Analysis procedures 

Measurement of infiltration rate 

The field infiltration rate was calculated based on the decline in 

the water level over time using the following equation (ASTM 

International 2018): 

���� = ��
��          (1) 

 

Where: �	
� = observed infiltration rate (cm/hour); Δℎ = 

observed infiltration rate (cm/hour); and Δ
 = observation time 

interval (hour). 

 

Application of the Horton Model 

The Horton infiltration equation is expressed as follows (Horton 

R.E, 1941): 

��
� = �� + ��� − �������      (2) 

 

where:  �
 = infiltration rate at time t (cm/hour); �0 = initial 

infiltration rate (cm/hour); �� = constant infiltration rate 

(cm/hour); � = decay constant; and 
 = time (hour). 

To calculate cumulative infiltration over the rainfall duration, the 

following equation was used: 

��
� = ��
 + �������
� �1 − �����    (3) 

 

Where: �
 = cumulative infiltration (cm or mm). The parameters 

�0, ��, and � were calibrated using a model optimization 

approach that minimized the error between the observed data 

and the model predictions. 

 

Calculation of Infiltration Volume and Surface Runoff 

The infiltration volume was calculated from the cumulative 

infiltration obtained using the Horton Model (Horton 1941), and 

subsequently compared with the design rainfall corresponding 

to the 2-year (R₂), 5-year (R₅), and 10-year (R₁₀) return periods. 

The rainfall volume for each land-cover type was determined 

using the following equations: 

�� = �
 ��� × "      (4) 

�#$� = %&
 ��� × "'      (5) 

�(#)' = max .0,   �)1�2� − �#$�3    (6) 

4 = 56789
�        (7) 

 

Where: �:;� = infiltration volume (m³); �
 = cumulative Horton 

infiltration (mm); "< = permeable area (m²); = = design rainfall 

(mm); 4 = average runoff discharge (m³/s); and 
 = rainfall 

duration (seconds). 

 

Model evaluation and validation 

The model performance was evaluated using absolute error, 

percentage error, and the Root Mean Square Error (RMSE) 

(Moriasi et al. 1983). 

The absolute error was calculated as: 

># = �)�?@(,# − ����,#     (8) 

The percentage error was calculated as: 

%># = �8BCD6,7��BEF,7
�BEF,7

× 100%     (9) 

The RMSE was calculated using the following equation: 

GHI> = J 
$ K �$

#L �)�?@(,# − ����,#�M
   (10) 

 

Where: >: = error associated with the :−th observation; �N	O�P, 
: = infiltration value predicted by the model for the i-th 

observation; �	
�, : = observed infiltration value for the i-th 

observation; and ; = number of observations. 

In addition, the model performance was evaluated through 

residual plots and by comparing the observed infiltration rates 

with those predicted by the Horton Model. 

 

Sensitivity analysis of land cover change 

The sensitivity analysis was performed by simulating the gradual 

conversion of permeable land into built-up areas by 1%, 2%, 3%, 

4%, and 5% relative to the existing land-cover condition. 

The permeable area after land-cover change was calculated 

using the following equation (Mejía and Moglen 2010): 

 

"',� = "',��1 − Q�     (11) 

Where: "<, � = permeable area under the simulated scenario 

(m²); "<,0 = existing permeable area (m²); and Q = percentage of 

land-cover change. 

The infiltration capacity under each scenario was calculated as: 

�#$�,� = %&
 ��� × "',�    (12) 

 

The runoff volume for each scenario was calculated as: 

�(#)',� = �)1�2� − �#$�,�    (13) 

 

or alternatively, 

�(#)',� = max .0,   �)1�2� − �#$�,�3   (14) 

 

The percentage increase in runoff resulting from land-cover 

change was determined using: 

Δ�(#)' = 56789,F�56789,�
56789,�

× 100%   (15) 

 

Where: �P:N<, � = runoff volume under the simulated land-

cover scenario (m³); and �P:N<,0 = runoff volume under the 

existing condition (m³). 
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Figure 2. Research flowchart 

 

RESULTS AND DISCUSSIONN 

Field infiltration measurement results 

The field measurements revealed a progressive decline in 

infiltration rate over time that consistently followed an 

exponential pattern, thereby supporting the applicability of the 

Horton Model. 

 

Table 1. Field infiltration rate measurement results 

Time (minutes) Time (hours) Water Level Decline at 

Point 1 (cm) 

Water Level Decline at 

Point 2 (cm) 

Water Level Decline at 

Point 3 (cm) 

0 0.00 — — — 

5 0.08 15.0 13.0 14.0 

10 0.17 14.5 12.5 12.5 

15 0.25 12.5 10.0 10.0 

20 0.33 10.0 8.0 9.0 

25 0.42 8.5 6.0 7.0 

30 0.50 4.0 4.0 6.0 

35 0.58 2.5 3.5 4.5 

40 0.67 2.5 3.5 4.5 

45 0.75 2.5 3.5 4.5 
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For a 5-minute observation interval, the infiltration rate is 

calculated as: 

�# = Δℎ#
Δ
  

where: 

Δ
 = 5
60 = 0,08333 hour 

If the field measurements are recorded in millimeters, then: 

�# = Δℎ#/10
5/60 = 1,2Δℎ# 

For Point 1: 

� = 1,2�15� = 18 cm/hour 
Accordingly, the corrected infiltration rates are presented 

below. 

 

Table 2. Infiltration rate at each observation point 

Time Point 1 Point 2 Point 3 

5 minutes 18.00 15.60 16.80 

10 minutes 17.40 15.00 15.00 

15 minutes 15.00 12.00 12.00 

20 minutes 12.00 9.60 10.80 

25 minutes 10.20 7.20 8.40 

30 minutes 7.20 4.80 7.20 

35 minutes 3.00 4.20 5.40 

40 minutes 3.00 4.20 5.40 

45 minutes 3.00 4.20 5.40 

 

After the observed infiltration rates had been determined, the 

data for each observation interval were represented at the 

midpoint of the corresponding time interval (i.e., 2.5–42.5 

minutes) and subsequently modeled using the Horton equation: 

 

��
� = �� + ��� − ������� 
 

The value of �� was determined from the average of the final 

three measurements after the infiltration rate had stabilized, 

whereas �0 and � were obtained through nonlinear optimization 

by minimizing the RMSE between the model predictions and the 

observed infiltration data. The calibration results demonstrated 

that the Horton Model effectively represented the decline in 

infiltration rate at all three observation points. The highest level 

of agreement was achieved at Point 3, with an RMSE of 0.894 

cm/hour, followed by Point 2 with 1.289 cm/hour, and Point 1 

with 2.001 cm/hour. The comparison between the observed 

infiltration rates and the Horton Model predictions is presented 

in figure 3. 

 

Table 3. Summary of Horton Model parameters 

Observation 

Point 

f0 

(cm/hour) 

fc 

(cm/hour) 

k (hour⁻¹) RMSE 

(cm/hour) 

Point 1 22.90 3.00 3.371 2.001 

Point 2 19.72 4.20 4.267 1.289 

Point 3 20.11 5.40 4.231 0.894 

 

 
Figure 3. Horton Model Calibration Curves for Observation Points 1, 2, and 3 

 

Figure 3 illustrates that the Horton Model successfully captures 

the declining trend in infiltration rates at all three observation 

points. The best agreement between the model and the 

observed data was obtained at Point 3, with an RMSE of 0.894 

cm/hour, followed by Point 2 (1.289 cm/hour) and Point 1 (2.001 

cm/hour). Differences between the model predictions and field 

observations are primarily evident during the transition phase 

toward the steady-state infiltration condition. Nevertheless, the 

modeled curves generally reproduce the observed infiltration 

behavior satisfactorily. Based on the calibrated parameters, the 
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cumulative infiltration over a 60-minute period was 8.70 cm, 

7.79 cm, and 8.83 cm for Point 1, Point 2, and Point 3, 

respectively. These values served as the basis for calculating the 

infiltration capacity of each zone and estimating the 

corresponding surface runoff. 

 

Design rainfall analysis 

The analysis of maximum daily rainfall data collected over a ten-

year period from the El Tari and Lasiana Meteorological Stations 

yielded average annual maximum rainfall values of 172 mm and 

138 mm, respectively, resulting in a combined average of 155.0 

mm, which served as the basis for the design rainfall analysis. 

Four probability distributions, Normal, Log Normal, Gumbel, and 

Log Pearson Type III, were evaluated using the Chi-Square and 

Smirnov–Kolmogorov goodness-of-fit tests. 

 

Based on the statistical parameters C_s, C_k, and C_v, the Log 

Pearson Type III distribution best satisfied the selection criteria 

and was therefore adopted for the estimation of design rainfall. 

 

 
Figure 4. Comparison of rainfall probability distributions 

 

Figure 4 demonstrates that the Log Pearson Type III distribution 

most closely matches the observed rainfall data compared with 

the Normal, Log Normal, and Gumbel distributions. The Chi-

Square test yielded a value of χ_"calculated" ^2=2,000, which is 

lower than χ_"critical" ^2=5,991, while the Smirnov–

Kolmogorov test produced D_max=0,020202, which is smaller 

than the critical value D_0=0,410. Figure 4 demonstrates that 

the Log Pearson Type III distribution most closely matches the 

observed rainfall data compared with the Normal, Log Normal, 

and Gumbel distributions. The Chi-Square test yielded a value of. 

 

Table 4. Rainfall intensity analysis using the Mononobe method 

Duration 

(minutes) 

R₂ (mm/hour) R₅ (mm/hour) R₁₀ (mm/hour) 

60 39.945 59.834 75.576 

120 25.163 37.693 47.610 

180 19.203 28.765 36.333 

240 15.852 23.745 29.993 

300 13.661 20.463 25.847 

 

Figure 5 illustrates the relationship between rainfall duration 

and rainfall intensity for the 2-year, 5-year, and 10-year return 

periods based on the Mononobe Method. The figure clearly 

indicates that rainfall intensity decreases as rainfall duration 

increases for all return periods. At a rainfall duration of 60 

minutes, rainfall intensity reaches its maximum values of 39.95 

mm/hour, 59.83 mm/hour, and 75.58 mm/hour for the 2-year, 

5-year, and 10-year return periods, respectively. As rainfall 

duration increases to 300 minutes, the corresponding rainfall 

intensities gradually decrease to 13.66 mm/hour, 20.46 

mm/hour, and 25.85 mm/hour for the respective return periods. 

This trend indicates that shorter-duration rainfall events tend to 

exhibit considerably higher rainfall intensities, whereas longer-

duration storms generally produce lower rainfall intensities. 

 

Surface Runoff analysis 

The study area was divided into three zones according to land-

use characteristics, surface drainage patterns, and the locations 

of the infiltration test points representing each zone. An 

inventory was subsequently conducted to determine the areas 

occupied by building roofs, asphalt pavements, paved roads, 

open land, and vegetated areas, providing the basis for 

calculating rainfall volume associated with each land-cover type. 

The summary of land-cover areas for each zone is presented in 

table 5. 

 

 
Figure 5. Rainfall intensity for each return period 

 

Table 5. Land cover area of each zone 

Parameter Zone 1 Zone 2 Zone 3 

Total area (m²) 17,076 40,260 22,605 

Roof area (m²) 6,216.0 8,381.2 7,700.2 

Asphalt road area (m²) 1,158 2,751 2,158 

Paved area (m²) 453 1,871 4,805 

Open land (m²) 7,152.0 15,836.8 7,126.8 

Vegetated area (m²) 2,097 11,420 815 

 

As shown in table 5, Zone 2 encompasses the largest area, 

totaling 40,260 m², equivalent to approximately 50.37% of the 

entire study area. This zone also contains the largest roof area 

and the greatest extent of vegetated land compared with the 

other two zones. In contrast, Zone 1 is dominated by existing 

buildings and relatively limited open space, whereas Zone 3 

contains the highest proportion of paved surfaces. These 

differences in land-cover composition indicate that each zone 

contributes differently to surface runoff generation. 

Consequently, runoff analyses were conducted separately for 

each zone according to its specific land-use characteristics. 

 

Surface runoff was estimated for a 60-minute rainfall duration 

using the most recently calibrated Horton Model parameters. 
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Zone 1 was represented by Point 1, Zone 2 by Point 3, and Zone 

3 by Point 2. The calibrated parameters and cumulative 

infiltration values used in the analysis were as follows: 

 Point 1: �� = 22,90cm/hour, �� = 3,00cm/hour, � =
3,371hour � , and �[� = 8,70cm;   

 Point 2: �� = 19,72cm/hour, �� = 4,20cm/hour, � =
4,267hour � , and �[� = 7,79cm;  

 Point 3: �� = 20,11cm/hour, �� = 5,40cm/hour, � =
4,231hour � , and �[� = 8,83cm. 

The infiltration capacity was calculated based on cumulative 

infiltration and the corresponding permeable area, whereas 

runoff volume was determined from the difference between the 

incoming rainfall volume and the infiltration capacity. The 

calculation results are summarized in table 6. 

 

Table 6. Summary of estimated surface runoff for each zone 

Zone Representative 

Point 

Infiltration 

Capacity (m³) 

Runoff R₂ (m³) Runoff R₅ 

(m³) 

Runoff R₁₀ 

(m³) 

Discharge R₂ 

(m³/s) 

Discharge R₅ 

(m³/s) 

Discharge R₁₀ 

(m³/s) 

Zone 1 Point 1 804.58 0.00 217.15 485.96 0.0000 0.0603 0.1350 

Zone 2 Point 3 2,405.42 0.00 3.50 637.27 0.0000 0.0010 0.1770 

Zone 3 Point 2 618.33 284.63 734.22 1,090.07 0.0791 0.2040 0.3028 

 

The runoff estimation indicates that Zone 3 generated the 

greatest runoff volumes for all return periods because it 

possesses the lowest infiltration capacity. Zone 1 produced no 

runoff under the R₂ rainfall event; however, runoff increased 

substantially under the R₅ and R₁₀ scenarios. Zone 2 exhibited the 

highest infiltration capacity, although runoff began to occur 

under the R₅ rainfall event and increased to 637.27 m³ under the 

R₁₀ scenario. 

 

 
Figure 6. Comparison of surface runoff among the three zones 

 

Figure 6 demonstrates that runoff volume increases 

progressively with increasing rainfall return period. Zone 1 

generated no runoff under the R₂ event, but runoff reached 

217.15 m³ under R₅ and increased to 485.96 m³ under R₁₀. Zone 

2, which exhibited the highest infiltration capacity (2,405.42 m³), 

produced no runoff under R₂, only 3.50 m³ under R₅, and 637.27 

m³ under R₁₀. In contrast, Zone 3 proved to be the most 

vulnerable area because it possessed the lowest infiltration 

capacity (618.33 m³), resulting in runoff volumes of 284.63 m³, 

734.22 m³, and 1,090.07 m³ under the R₂, R₅, and R₁₀ rainfall 

events, respectively. These findings demonstrate that the extent 

of permeable land and infiltration capacity plays a decisive role 

in determining runoff volume. Consequently, zones with limited 

infiltration capacity experience more rapid increases in surface 

runoff and are therefore more susceptible to localized flooding. 

Sensitivity analysis of land cover change on surface runoff 

To evaluate the hydrological response of the study area to land 

cover change, a sensitivity analysis was conducted by simulating 

the gradual conversion of permeable land into built-up areas at 

increments of 1%, 2%, 3%, 4%, and 5% of the existing permeable 

area in each study zone. For every simulation scenario, the 

Horton Model infiltration parameters (f_0, f_c, and k) were 

assumed to remain constant, while only the extent of the 

permeable area was modified. The results of each simulation 

scenario were then used to evaluate the increase in surface 

runoff resulting from the reduction in permeable land and to 

identify the relative vulnerability of each zone to future built-up 

development. 
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Table 7. Land cover change scenarios 

Scenario Change in Permeable Area Built-up Area 

Existing 0% 100% existing 

condition 

S1 1% 1% 

S2 2% 2% 

S3 3% 3% 

S4 4% 4% 

S5 5% 5% 

 

The 1–5% range of land-cover change was selected to represent 

realistic incremental changes resulting from the construction of 

new buildings, expansion of parking areas, and the development 

of supporting campus facilities. This range was adopted to 

evaluate the sensitivity of the Horton Model to relatively small-

scale land-cover modifications and to determine how rapidly the 

campus infiltration capacity decreases and runoff volume 

increases as permeable land is progressively converted into 

impervious built-up areas. Sensitivity and Vulnerability. 

Analysis Across the Three Zones 

• Zone 2 exhibited the highest relative sensitivity, with runoff 

increasing by 18.87% under the scenario involving a 5% 

reduction in permeable area. 

• Zone 3 proved to be the most hydrologically vulnerable, as it 

already generated the largest existing runoff volume under the 

R₁₀ rainfall event, reaching 1,090.07 m³. 

• Zone 1 exhibited an intermediate level of sensitivity, with 

runoff increasing by 8.28% under the 5% land-cover change 

scenario. 

 

Table 8. Comparison of land cover change sensitivity among the three zones 

Parameter Zone 1 Zone 2 Zone 3 

Existing permeable area (m²) 9,249.00 27,256.80 7,941.80 

Existing infiltration capacity (m³) 804.58 2,405.42 618.33 

Existing runoff under R₁₀ (m³) 485.96 637.27 1,090.07 

Runoff under the 5% scenario (m³) 526.19 757.54 1,120.99 

Additional runoff (m³) 40.23 120.27 30.92 

Increase in runoff (%) 8.28 18.87 2.84 

Principal characteristic Moderate sensitivity Highest relative sensitivity Highest actual vulnerability 

 

The comparative analysis demonstrates that Zone 2 is the most 

sensitive in relative terms, exhibiting an 18.87% increase in 

runoff, from 637.27 m³ to 757.54 m³, under the scenario 

involving a 5% reduction in permeable area. Although Zone 3 

experienced the smallest relative increase (2.84%), it remained 

the most hydrologically vulnerable zone because its runoff 

volume increased from 1,090.07 m³ to 1,120.99 m³, representing 

the largest absolute runoff volume among all study zones. 

Meanwhile, Zone 1 displayed an intermediate response, with 

runoff increasing by 8.28%, from 485.96 m³ to 526.19 m³. 

 

These findings demonstrate that relative sensitivity and 

hydrological vulnerability are not necessarily equivalent. While 

Zone 2 responds most strongly to incremental land-cover change 

on a percentage basis, Zone 3 remains the most critical area from 

a stormwater management perspective because of its 

substantially larger runoff volume. Consequently, planning 

decisions should consider both relative sensitivity and actual 

runoff magnitude when establishing priorities for sustainable 

campus development and stormwater mitigation. 

 

CONCLUSION 

Conclusions 

Based on the field measurements, Horton Model calibration, 

design rainfall analysis, runoff estimation, and land-cover 

change simulations, the following conclusions can be drawn: (1) 

The Horton Model successfully represented the declining trend 

of infiltration rates at all three observation points, yielding RMSE 

values ranging from 0.894 to 2.001 cm/hour, thereby 

demonstrating satisfactory agreement between the model 

predictions and the field observations. (2) Zone 2 exhibited the 

greatest infiltration capacity, amounting to 2,405.42 m³, 

whereas Zone 3 generated the highest runoff volume under the 

R₁₀ rainfall event, reaching 1,090.07 m³, making it the most 

vulnerable zone to surface ponding and localized flooding; (3) 

Under the scenario involving a 5% reduction in permeable area, 

Zone 2 exhibited the highest relative sensitivity, with runoff 

increasing by 18.87%, whereas Zone 3 remained the most critical 

zone based on the magnitude of its actual runoff volume. 

 

Recommendations 

Based on the findings of this study, the following 

recommendations are proposed: (1) The permeable area within 

Zone 2 should be preserved, as it functions as the principal 

infiltration zone within the campus and plays a crucial role in 

reducing surface runoff; (2) Zone 3 should receive the highest 

priority for stormwater management interventions, including 

the installation of infiltration wells, biopore infiltration systems, 

permeable pavements, temporary detention facilities, and 

improvements to the existing drainage network; (3) Future 

building development in all campus zones should be 

accompanied by adequate infiltration facilities to compensate 

for the reduction in permeable land resulting from ongoing 

urban development; (4) Future studies should increase the 

number of infiltration testing locations and integrate runoff 

estimation with the hydraulic capacity of the existing campus 

drainage network, thereby enabling a more comprehensive 

evaluation of stormwater management performance under 

future land-use scenarios. 
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