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Main Aim: To investigate the impact of spatial configuration and heterogeneity of 
impervious surfaces on key hydrologic responses in rapidly developing urban 
catchments across climate zones in the US. 
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 Urbanization significantly modifies natural flow regimes by increasing surface 
runoff and reducing infiltration. 

 Conventional impervious surface metrics quantify the  overall extent of 
impervious cover but fail to represent spatial configuration characteristics such 
as clustering and fragmentation. This  limits their accuracy in simulating 
hydrological responses and assessing urban flood risk.

 While spatial heterogeneity affects runoff and infiltration, its influence across 
climate zones remains underexplored. 

 Conducting statistical analyses across spatial scales, including finer unit-
level analyses

 Simulation of different rainfall and urbanization scenarios to evaluate the 
impact of spatial configuration under varying conditions.

 Comparison of findings across watersheds and climate zones

STUDY OBJECTIVES

Natural Ground Cover Impervious Surfaces

• Low evaporation
• Low infiltration
• Increased surface 

runoff generation

• High evaporation
• High infiltration
• Low surface 

Runoff generation

Figure 1: Effects of urbanization on the hydrologic cycle

Conventional Metrics

• 3 highly urbanized watersheds 
selected from different climate 
zones in CONUS

• Semi-arid; Humid; 
Mediterranean  

Spatial composition and 
configuration metrics

Impervious 
surface  
Metrics

- Total Impervious Area
- Effective Impervious Area

- Proportion of landscape
- Patch Density
- Edge Density
- Aggregation Index

Study Area Selection

Köppen Climate Classification 
Map 

SWMM Model Development 
1. Data Collection

Land cover DEM Soil Meteorological data

2. Data Pre-processing

3. Model simulation

6. Scenario Development

6. Model 
Outputs

Calculation of Spatial Metrics 

Land use 
raster 

Calculation  of 
class-level metrics 

using Fragstats

4. Sensitivity Analysis
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Correlation & 
statistical analysis

Quantitative Relationship Analysis
Evaluating relationships between spatial metrics and 
hydrological responses

 Pearson’s r & Spearman’s ρ
 Stepwise & Multivariate 

Linear Regression
 Geographically Weighted 

Regression (GWR)
 Random Forest Regression

Evaluation of urbanization impact
 Comparative evaluation of hydrologic-landscape relationships across urbanized watersheds.

 Cross-scenario synthesis of hydrologic and landscape dynamics

 Development of transferable strategies for urban stormwater management

Figure 2: Comparison of monthly observed and simulated runoff with precipitation in the Olmos 
Creek watershed (2010-2025)

Model performance 
metrics summary

 
 R2 – 0.72
 NSE – 0.62
 PBIAS – 8.2%
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Specific Objectives: 
 Simulate hydrologic responses under contrasting urban land surface and 

rainfall scenarios using the PCSWMM model.
 Assess the relationship between urban spatial configuration and hydrologic 

behavior of watersheds.
 Develop transferable spatial planning and stormwater management 

solutions to guide reconfiguration of urban catchments. 

• Runoff 
characteristics

(Runoff depth, 
peak flow, time to 
peak)
• Infiltration 

depths

• Pre- and highly urbanized 

scenarios

• Contrasting rainfall scenarios

• Targeted reconfiguration of 

impervious surfaces
Area-MN (ha)

 Total area – 109 km2

 Percentage of developed land – 93.9%

Percentage of Land cover 
(PLAND)

Proportion of the total landscape 
occupied by each land-cover 
class

Landscape Shape Index 
(LSI)

Indicates the overall complexity 
or irregularity of patch shapes 
within a class

Landscape Patch Index 
(LPI)

Percentage of the landscape 
area represented by the largest 
patch of a given class.

Patch Density (PD)
Number of patches of a given 
class per 100 hectares of total 
landscape area

Mean Patch Area 
(AREA_MN)

Average area of individual 
patches for a given land-cover 
class

Edge Density
Total edge length of patch type i 
per hectares 

Study catchment 1 – Olmos Creek Watershed

Land use raster

 Preliminary results represent 
sub catchment-scale 
relationships between spatial 
metrics and hydrologic 
responses. Future analyses 
will extend this assessment to 
finer spatial scales for 
improved spatial detail.

 Both impervious and 
vegetation metrics show 
physically consistent 
relationships with hydrologic 
responses.

5. Calibration, Validation

Pearson correlation between hydrologic responses and spatial metrics

Spatial distribution of impervious surface 
metrics

Description of landscape metrics
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