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ABSTRACT:

This paper investigates the application of Geoinformation Systems (GIS) and remote
sensing in planning green infrastructure, specifically focusing on the design of rain
gardens as a sustainable solution for stormwater management. Using a case study
based in Austin, Texas, the research integrates elevation models, land cover data, and
hydrological tools within the QGIS environment. The proposed design methodology
streamlines the planning process by enabling the analysis of drainage areas, soil
infiltration capacity, and precipitation data. Results indicate that GIS-supported
planning significantly enhances decision-making in urban environmental management,
contributing to improved water retention and urban resilience.
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1 INTRODUCTION

In recent decades, cities have increasingly faced the impacts of climate change, the spread
of impervious surfaces, and declining ecosystem services. As a response, green
infrastructure has emerged as a sustainable approach to urban stormwater management,
aiming to enhance ecological functions while improving urban resilience. It encompasses
a range of natural and engineered features—such as green roofs, permeable pavements,
bioswales, and rain gardens—that support biodiversity, water regulation, and climate
adaptation.

Among these, rain gardens represent a cost-effective, flexible solution. These shallow,
vegetated basins are designed to collect, filter, and infiltrate stormwater runoff from urban
surfaces, making them ideal for decentralized stormwater strategies. Numerous case
studies, such as those compiled by [1], emphasize their design variability and ecological
potential across different urban contexts. More recent research confirms their
effectiveness in reducing non-point source pollution and mitigating urban runoff, as
demonstrated in Eastern Texas by [2].

However, identifying suitable locations and optimizing their implementation require
integrated spatial analysis. GIS and remote sensing technologies offer powerful tools for
this purpose. GIS enables complex geospatial operations, while remote sensing provides
timely data on land cover, vegetation, and terrain. This integration supports decision-
making by identifying high-risk zones, estimating surface runoff, and simulating green
infrastructure scenarios.

This study presents a GIS-based case study of rain garden design in Austin, Texas, utilizing
publicly available datasets—including DEM, land cover, and soil infiltration data—to identify
optimal locations. By automating spatial analyses within ArcGIS, the study illustrates the
potential of geospatial technologies in advancing sustainable urban drainage and climate-
resilient city planning.

2 BACKGROUND AND METHODS

This section outlines the theoretical and methodological framework used to support the
rain garden design process. It provides an overview of relevant GIS and remote sensing
concepts, followed by a step-by-step explanation of the spatial analysis conducted using
geospatial datasets.

JFCE |37



48_2025 Journal of Faculty of Civil Engineering

2.1 BACKGROUND

The use of GIS and remote sensing in environmental engineering has significantly
advanced over the past two decades. GIS is defined as a computer-based system that
enables the collection, storage, analysis, and presentation of spatial data. It plays a central
role in urban planning, environmental monitoring, risk assessment, and infrastructure
management. In combination with remote sensing, which involves the acquisition of data
about Earth’s surface via satellite or airborne sensors, GIS allows for comprehensive
spatial modelling and multi-layered decision support.

In the context of green infrastructure, these technologies are crucial for assessing
topographical conditions, hydrological behaviour, soil types, and land use patterns.
Numerous studies have demonstrated the application of GIS in modelling flood risk zones,
siting retention basins, mapping impervious surfaces, and evaluating ecosystem services.
The capability to overlay diverse data types and perform spatial queries enables planners
and engineers to simulate real-world conditions and make informed choices about
infrastructure interventions.

A particularly relevant application is in the design and siting of rain gardens, where
accurate knowledge of drainage patterns, terrain slope, soil infiltration rates, and land
cover types is required. Traditional hydrological models often require separate tools and
data export procedures, whereas GIS enables integrated workflows and spatial
automation.

2.2 METHODS

The methodological approach in this study builds upon the GIS-enabled rain garden design
framework developed by Clint Smith (2018) and further refined for local adaptation in the
Austin metropolitan area. The QGIS Pro software is used to integrate and analysed
geospatial datasets critical for identifying suitable sites and defining rain garden
dimensions. The methodology consists of several sequential steps:

- Data Acquisition
- Spatial Analysis
- Design Recommendations
2.3 DATA ACQUISITION
The following datasets were used:

- Digital Elevation Model (DEM) - Resolution: 10 meters; Source: United States
Geological Survey (USGS). Used to derive watershed boundaries, flow direction, and
slope.

- National Land Cover Database (NLCD) - Used to classify urban surfaces and assess
imperviousness and vegetation cover.

- Hydrologic Soil Group (HSG) - Classifies soils by infiltration potential. Groups A-D are
used to assess suitability for infiltration-based systems.

- Precipitation Data - Optional layer obtained from NOAA (National Oceanic and
Atmospheric Administration) used for dimensioning based on return periods.
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2.4 SPATIAL ANALYSIS
Using QGIS tools, the following analyses were conducted:

- Flow Direction and Accumulation: DEM-derived hydrological tools were used to
determine runoff flow paths and accumulation areas.

- Slope Analysis: Areas with slopes between 1-5% were prioritized, as they are optimal
for rain garden implementation.

- Overlay and Suitability Mapping: HSG, NLCD, and DEM layers were intersected to
identify high-priority zones for rain garden placement.

- Watershed Delineation: Watershed boundaries were calculated for potential rain
garden zones to estimate contributing area and runoff volume.

2.5 DESIGN RECOMMENDATIONS

Based on the suitability map, proposed rain garden locations were evaluated for infiltration
rate, surface area, and volume capacity. The final output includes:

- Suggested design locations,
- Estimated catchment areas,
- Preliminary sizing based on rainfall data and soil infiltration rate,

- Recommendations aligned with the City of Austin Environmental Criteria Manual
(COAECM).

This method eliminates the need for external hydrological modelling tools (e.g., HEC-HMS
or EPA SWMM), enabling practitioners to perform all calculations within the GIS platform.
The approach also allows for scalability and can be applied in various urban contexts with
available geospatial data.

3 RESULTS AND DISCUSSION

The application of GIS tools in the design of rain gardens in Austin, Texas, yielded a series
of spatial outputs that support data-driven decision-making in sustainable stormwater
management. The core results of the study are structured into three key categories:
watershed identification, site suitability —analysis, and preliminary design
recommendations.

3.1 WATERSHED DELINEATION AND FLOW ANALYSIS

Using the 10-meter resolution DEM, flow direction and accumulation models were
generated to delineate micro-watersheds within the urban landscape. This analysis
enabled the identification of zones that naturally collect runoff from surrounding surfaces.
Figure 18 illustrates a typical flow accumulation map used to define the catchment area
contributing to a potential rain garden location.
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Filled DEM

Figure 18: Flow accumulation and watershed delineation using ArcGIS tools.

Watershed

These delineated watersheds were further analysed in relation to slope and drainage
density. Areas with slopes between 1-5% were prioritized, ensuring efficient water
retention without the risk of erosion. The flow modelling revealed several residential zones
with high runoff potential and favourable topographic characteristics.

3.2 SITE SUITABILITY MAPPING

QGIS was used to perform a raster-based suitability analysis for identifying areas in Austin,
Texas suitable for rain gardens. The analysis focused on two main factors: vegetation
density and terrain slope.

A Digital Elevation Model (DEM) was downloaded from DIVA-GIS, an open-access platform
providing elevation and geographic data widely used in environmental planning [3]. The tile
USA1_alt was clipped to the Austin city boundary using a manually created shapefile and
the Clip Raster by Mask Layer tool.

Sentinel-2 imagery (June 2025) was used to compute NDVI with the standard formula (1),
following recommendations for green infrastructure analysis proposed in the University of
Texas guidelines. (1):

_ (Bg—By)
NDVI = (BaiBa) Q)

Values > 0.3 were classified as vegetated (suitable), indicating the presence of healthy and
dense vegetation cover, which improves water absorption and ecological viability, as
demonstrated in similar urban greening studies [4]. Slope was calculated from the DEM
using the Slope tool, and areas with slope < 15° were considered favourable, based on
findings from GIS-enabled terrain assessments for sustainable stormwater design [5].

Both layers were reclassified into binary rasters—NDVI as green and slope as blue—and
combined using the Raster Calculator. The resulting composite raster highlights zones
satisfying both criteria, indicating the most promising locations for rain garden
development.

Figure 19 shows the final suitability map, based on methodologies adopted from previous
GIS-based rain garden case studies conducted in urban environments like Austin [6].
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Rain Garden Suitability Map — Austin, Texas
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Figure 19: Composite suitability map based on NDVI and slope thresholds (NDVI > 0.3, slope < 5°).
Green areas indicate optimal locations for rain garden installation.

3.3 RAIN GARDEN DESIGN PARAMETERS

The integration of spatial analysis tools within a single GIS platform, such as QGIS,
supports efficient evaluation of urban green infrastructure potential. GRASS GIS and QGIS
are both cited in literature as highly adaptable tools for land-use modelling and
environmental assessment [3]. Without the need for expensive external software, users
can perform land use analysis, topographic assessments informed by standard GIS
curricula [7], and vegetation classification using freely available multispectral satellite
imagery [4].

Key advantages include:

- Accessibility for municipal planners, students, and researchers, as supported by official
EU policy guidelines on GIS usage [8].

- Transparency in decision-making processes.

- Reproducibility in other urban settings, as observed in comparative studies of GIS
techniques across different cities [9].

This integrated GIS approach offers a flexible methodology that can be adapted to cities
worldwide, making it particularly valuable for sustainable development planning in data-
limited contexts [7].

3.4 BENEFITS OF GIS-BASED DESIGN

The integration of all spatial analysis steps within a single GIS environment, without the
need for external software (e.g, EPA SWMM, HEC-HMS), highlights the operational
efficiency of this approach. It enables:
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- Greater accessibility for municipal planners and students,
- Transparency in site selection and sizing,
- Reproducibility in similar urban contexts.

Moreover, this methodology contributes to the broader goals of sustainable urban
development, offering a toolset that can be adapted to different cities using freely available
data.

4 CONCLUSIONS

This study showcases how remote sensing and GIS techniques can effectively support
green infrastructure planning, using rain gardens as a case study. By integrating Sentinel-
2 NDVI analysis and slope modelling from DEM data, we identified suitable areas in Austin,
Texas for rain garden placement.

Through the use of QGIS, all spatial operations—from image preprocessing and raster
calculation to reclassification and final map composition—were completed in an open-
source environment. The selected thresholds (NDVI > 0.3 and slope < 15°) ensured the
prioritization of ecologically and hydrologically appropriate sites.

The workflow not only supports optimal site selection but also promotes efficient
hydrological modelling and urban greening, a conclusion shared by other researchers in
similar contexts [10]. The approach presented in this study can be replicated in other urban
areas using accessible datasets, providing practical tools for sustainable stormwater
management and green infrastructure planning [11].
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