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What are impervious surfaces?

Impervious surfaces are landscapes covered by material with little or 
no water permeability. In the urban environment most impervious 
surfaces are manmade infrastructure such as rooftops, roadways, and 
parking facilities composed of materials like concrete and asphalt (Arnold 
and Gibbons 1996). 

Urban sprawl and automobile-friendly development policies and practices 
have contributed to the paving of large swathes of land to accommodate 
road and parking infrastructure. Previous studies estimate that road and 
parking facilities cover an average aerial extent of 29% to 45% in urban 
areas (Akbari et al. 2003; Rose et al. 2003). Impervious surface coverage 
may be even higher – up to 70% – in commercial areas that offer 
substantial parking facilities (Litman 2011).



Why are impervious surfaces important?

Excessive impervious surface coverage results in undesirable environmental, 
social, and economic outcomes. As permeable soils are paved over with 
impermeable materials, water infiltration decreases leading to increased surface 
runoff and decreased groundwater recharge (Arnold and Gibbons 1996). The 
larger volume of surface runoff carries urban pollutants into rivers and lakes 
and increases the risk of erosion and flooding. 
Dark paved surfaces like asphalt absorb heat and measurably increase the 
surrounding temperature contributing to the urban heat island effect (Litman 
2011). Large parking lots are often considered unsightly and alienating, reducing 
walkability and discouraging the use of non-automobile transportation modes 
(Davis et al. 2010). Underutilized parking adds unnecessary upfront and 
operational costs to development projects.



How to extract impervious surface data?

Most common method to map impervious surfaces is through the process of 
categorizing satellite or aerial imagery into several classes. This process is called 
image classification technique and further categorized to 1) visual/manual 
classification, 2) pixel/object-based classification, 3) spectral indices such as 
Normalized Difference Built-Up Index (NDBI) and 4) Machine or Deep learning. 
Each method has pros and cons in terms of data availability, the level of accuracy, 
training time etc. 



Impervious Surface per Capita vs Percent Impervious 
Surface
Impervious surface per Capita = Meter2/population

Percent Impervious surface = I.S Area/Total Area*100



Dataset

The dataset for this project consists of 49 high resolution orthorectified aerial 
images with a resolution of 30cm (~1 foot). The images have been processed into 
an orthomosaic covering the 15 incorporated cities of Fresno County 
(approximately 1,300 square kilometers). Both RGB color images and color 
infrared (CIR) images (consisting of near-infrared, red, and green bands) are 
included in the dataset.

The acquisition date is July 4-5, 2020 and geometric processing is ortho-rectified 
at level 3A. The aerial images have 2.6 meter circular error at 90% confidence 
level. The projection datum is in the Universal Transverse Mercator (UTM) with 
the unit of meter.  



Dataset



Fresno county

Stretching from the fertile San Joaquin Valley to the crest of the Sierra Nevada, Fresno County is 
the sixth largest county in California by area and the tenth largest by population. Historically, 
agriculture has been the predominant industry in the largely rural county, and Fresno County 
consistently ranks among the top agricultural producers in the United States.

Within Fresno County are fifteen incorporated cities including the county seat and largest city, 
Fresno. Abundant, inexpensive land has tended to support low density, suburban-type 
development patterns, especially in the Fresno/Clovis metropolitan area.

However, cities in Fresno County often don’t get attention as an example of research and studies, 
in this case, of California impervious surface analysis.  



Image Classification



Pixel/Object-based supervised classification Comparison

Rural Area

Medium Density area High Density area

overall accuracy of 43% and a 
Khat value of 36.3% 

overall accuracy of 58.3% and a 
Khat value of 51.1% (medium 
agreement)

overall accuracy of 54.0% and a 
Khat value of 48.1% (medium 
agreement).

overall accuracy of 37.7% and a 
Khat value of 32.3% (poor 
agreement).

overall accuracy of 44.7% and a khat 
value of 39.9% (poor agreement - on 
the cusp of medium).

overall accuracy of 51.3% and a khat 
value of 45.4% (medium agreement)



Deep Learning Image Classification

Recent image classification utilizes Deep learning algorithm. Deep learning starts from 
making a training model which takes a great number of image tiles and classified tiles 
(or ground truth datasets). Then the new images will be classified based on the training 
model.
The figure above shows ‘High resolution image’ and ‘Existing Landuse map’  that make 
training set.
ArcGIS Pro provides deep learning modules for extracting training dataset, training 
dataset and finally deep learning classification.



Deep Learning Classification



Deep Learning Classification



Landuse/Landcover (LULC) dataset
Conservation Innovation Center (CIC) provides a Land Use/Land Cover (LULC) data set. The 
classification uses the National Agricultural Imagery Program (NAIP) 1-meter resolution aerial 
imagery, LiDAR and other auxiliary data. 



Deep Learning dataset



Image/label tiles and classes



U-net Classifier (Python Notebook)



Post-Processing

Figure 11 the example of Post 
processing steps, Reedley city. a) 
Original image, b) deep learning 
classification, c) raster to polygon, 
d) dissolve, e) city boundary, f) 
clipped result



Analysis Tasks



EnviroAtlas
EnviroAtlas is Interactive GIS layers for environmental study. The 
layers includes Land cover, especially impervious area per capita, 
percent impervious area, etc.



EnviroAtlas



Meter-Scale Urban Land Cover(MUCL), Community date, 1 meter



Accuracy assessment of different classification methods



Impervious surface of Fresno county cities



Table 7 summarizes percent impervious surface and impervious surface per capita of 15 cities in Fresno 
County. Huron, a small agriculture city, shows the smallest percent impervious surface, 27.1% and Kerman 
and Clovis show as high as 60%. For impervious surfaces per capita, Huron and Firebaugh ranked lowest, 
167 square meters/person, and highest, 454 square meters/person, respectively.



Impervious surfaces of Fresno/Clovis in 2010 and 2020



Results and Discussion

It is worth mentioning that Fresno/Clovis percent impervious surface in 2010 (EnviroAtlas) was 
53% and 63% in 2020 in this study. This is a 10% increase in 10 years. During those 10 years, the 
population in Fresno and Clovis increased 8.9% and 25% respectively.

Zian et al (2011)  investigated impervious surface changes from 2001 to 2006 in the conterminous 
United State, showing that 4-5% increase in impervious surfaces overall and three largest changes 
in impervious surface occurred at Arizona, Georgia and South Carolina and their changes are 
8.89%, 8.40%, 7.92% respectively.

Brophy-Price and Rolband (2010) related population increase to impervious surface changes in 
the Chesapeake Bay watershed between 1990 and 2000. Their analysis showed a 10.3% increase 
in population and 14.2% in impervious surface changes in the Chesapeake bay watershed. Other 
vicinity states showed a similar pattern in population and impervious surface.
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“Texas and California also contain the first and second largest impervious 
surface covers with magnitudes of 9756 km2 and 8937 km2 , respectively, 
in 2006. Florida has the third largest impervious surface cover with 
magnitude of 5185 km2 in 2006. Alternatively, three other states have the 
largest ISA increments from 2001 to 2006 with increasing rates of 8.89% for 
Arizona, 8.40% for Georgia, and 7.92% for South Carolina. In total, 16 
states have ISA increase rates greater than the national average (4.11%) 
during the period. “

Change of Impervious Surface Area between 2001 and 
2006 in the Conterminous United States



Summary and conclusion

This study assessed three most common image classification techniques - pixel-
based, object-based deep learning classification in extracting impervious surfaces. 
The analysis shows deep learning outperformed for three different scene 
complexity - rural, medium residential and high density areas.

The average impervious surfaces of 15 cities in Fresno County were estimated to 
be 45% in 2020 imagery. For the Fresno/Clovis city area, percent impervious 
surface increased from 53% in 2010 (EnviroAtlas) to 63% in 2020. This 10% 
increase in 10 years is aligned well with the population increase. 
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