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 Abstract.-Land surface classification and impervious surface cover derived from Landsat TM imagery is 
coupled with an urban growth model to predict future changes in surface runoff resulting from urbanization. An 
illustration is presented for a medium-sized watershed 
 

1. INTRODUCTION 
 
Satellite imagery from which analyses of land 
surface classes and impervious surface area are 
obtained can be combined with an urban growth 
model to assess current and future surface runoff 
due to urbanization. The urban growth model 
(SLEUTH) developed by Professor Keith Clarke 
[1] uses a pair of satellite or other land 
classification images (e. g., GIS) sufficiently far 
apart in time (e.g., ten years) to predict changes 
in land use at a designated future time, (e.g., 
2025). Simple model calculations using the 
output of SLEUTH, a cellular automaton model, 
yield estimates of surface runoff for individual 
rain events and for longer-period (e.g., seasonal) 
averages. We illustrate this approach using 
analyses of the Spring Creek Watershed located 
in Centre County, Pennsylvania. SLEUTH was 
initialized with images for 1996 and 1986, the 
former being the initial start time for the model.. 
 
 II. LAND USE ANALYSIS 
 
Figures 1 and 2 show the land surface 
classification derived with the aid of ERDAS 

Imaginetm software from Landsat 5 TM imagery 
for the Spring Creek Basin (142 square miles) in 
five Anderson-level categories: urban, 
bare/scrub, woodland, short vegetation and 
water; henceforth bare/scrub and short vegetation 
are combined as a single (largely agricultural) 
category referred to as Ag. Figure 1 is essentially 
an analysis. Though an initial urban growth 
model output, it is virtually identical to the 1996 
analysis. Figure 2 shows the same land use 
categories 28 years later in 2025. Table 1 
contains the breakdown in land use for Spring 
Creek basin, including 1986, whose image is not 
shown. Figure 3 shows the impervious surface 
area (ISA) for 1997, where reds and yellows (80-
100%) generally pertain to commercial buildings 
and greens and blues (20-70%) to residential 

TABLE 1 
Land use statistics for Spring Creek basin: land use (%),  
impervious surface area (%), assigned curve number for land 
use categories  (CN),  average CN (avg), derived urban flood 
ratio (UFR), runoff coefficient for hundred year 24-hour 
storm (C (100yr)), and non-summer runoff coefficient (C 
(Oct-April) 
 1986 1997 2025 CN 
Wooded  31.5 38.4 46.5 52 
Ag.  62.1 50.4 30.1 58 
developed 6.4 11.1 23.3 82 
ISA 4.9 6.9 13.3 --- 
CN (avg) 57.6 58.3 60.7 --- 
UFR 1.4 1.5 1.65 --- 
C (25 yr storm) 0.197 0.205 0.236 --- 
C (Oct-April) 0.122 0.111 0.122 --- 
 
areas [2] (see also Table 1). Although SLEUTH 
does not specifically predict ISA, we relate its 
output directly to this quantity via an algorithm 
based on a relationship between urban fraction 
and ISA. 
 
Like many areas in Pennsylvania, Spring Creek 
basin is rapidly urbanizing at the expense of  
agricultural land, a trend which is predicted to 
continue (Table 1). Conversely, the amount of 
wooded area has been  increasing with time and 
this trend is also predicted to continue. 
 

III. HYDROLOGY 
 
Given the information provided by the satellite 
and the urban growth model, we can make 
estimates of several important hydrological 
parameters for this watershed. We illustrate this 
with three different types of calculations.  
 
A. Urban Flood Potential 
 
A quantity called the Urban Flood Potential 
(UFR) is derived from the ratio of Manning’s 
coefficient (n) for urban to non-urban areas and 
the impervious surface area [3]. Assuming a 
representative roughness of 0.018 for urban and 
0.030 for rural, we obtain estimates of URF 
shown in Table 1. The UFR measures the 
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increase in the flood peak discharge over that for 
a purely rural area. Table 1 shows a steady 
increase peak flood potential for the 25-year 
storm from 1.4 in 1986 to 1.65 in 2025, an 
increase in stream flow at peak flood of over 
15% in 39 years. 
 
B. Soil Conservation Service Method 
 
The Soil Conservation Service (SCS) method [4] 
is well known. It uses an estimated curve number 
(CN) based on known land use distribution to 
calculate surface runoff. Although we are merely 
guessing at the correct CN values from our land 
use distribution, Sheeder et al [5] illustrate a 
procedure whereby a ‘natural’ curve number for 
a watershed can be derived from an analysis of 
the hydrograph.  
 
A gradual increase in curve number is occurring 
and will continue to do so (Table 1). Taking the 
24-hour storm totals (4.5 inches) for the 25 year 
recurrence interval, and defining the runoff 
coefficient as the ratio of excess rainfall to 
rainfall (C), we find an increase in the runoff 
coefficient of about 15% during the 39 year 
interval 1986 to 2025 (Table 1). This increase is 
in close accord with that for the method 
described above.  
 
C. Arthur’s Method 
 
From an analysis of stream and rainfall data for 
about a dozen small- to medium-sized 
watersheds in central and eastern Pennsylvania  
over one year, Arthur [6] determined a 
regression equation relating runoff coefficient to 
land use and watershed characteristics.  This 
equation, which pertains to normal rainstorms 
rather than flooding events, is stated: 
 
C = urb C1 +ag C2 + for C3 - Area C4 + HO C5 
- CR C6      (1) 
 
Where urb, ag and for are the fractional area 
occupied by urban, agricultural, and wooded 
land, respectively, Area is the total drainage area 
in square miles (142), HO is the ‘head-outlet’ 
vertical distance between the stream gauge and a 
point 20% from the end of the main watershed 
channel (119 meters), and CR is the 
channel/range ratio which is the HO divided by 
the maximum elevation distance between the 
highest and lowest point in the basin. (0.63). 
Regression coefficients (which have been 
multiplied by 100 for convenience) are shown in 
Table 2 

TABLE 2 
Coefficients for equation (1) multiplied by 100 

coefficient C1 C2 C3 C4 C5 C6 
value 75 41 2.23 0.07 0.12 36.8 
 
Arthur found that this equation does not apply 
during the summer months, when changes in  
land use seem to have very little effect on the 
runoff coefficient. The results shown in Table l 
suggest that cold season rainfall has been 
scarcely affected by urbanization, although the 
trend is upward from 1997. 
 

III. CONCLUSIONS 
 
Satellite image data is used to analyze land 
surface classes, fractional vegetation cover and 
impervious surface area, from which estimates 
can be made of runoff for small- to medium-
sized watersheds. Coupled with an urban growth 
model, such estimates can be projected into the 
future. Analyses for Spring Creek basin in 
Central Pennsylvania, show marked urban 
growth and a corresponding increase in and 
impervious surface area, especially along non-
limited access roads. Calculations with three 
different methods show progressive increases in 
runoff for heavy rain events with time, but not 
necessarily for average rainfall amounts. Larger 
increases in runoff due to urbanization appear to 
be restrained by concomitant increases in the 
amount of wooded area. 
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                       Figure 1. Land use classification for 1997 
 

 
Figure 2. Land use classification for 2025 from urban  growth model 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Impervious surface area percent for 1996  
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