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Hydrologic Geographic Information 
System 

EDWARD J. VANBLARGAN, ROBERT M. RAGAN, AND JoHN C. ScHAAKE 

A geographic information system (GIS) was developed as a prac
tical tool to streamline some of the operational problems faced 
by many agencies dealing with hydrologic analysis. Conventional 
manual analysis requires significant time and expertise. The expert 
system developed will automatically generate the drainage area 
and streamflow hydrograph for a watershed. The system is made 
feasible by using digital data that are available commercially for 
the entire United States . The data bases deve loped contain grid
ded elevation values and stream loca tion coordinates. The soft
ware developed integrates the digital data with some unique ter
rain analysis techniques and fundamental hydrologic methods. 
The only user input required is the outlet location of the watershed. 
Internally, the program creates a gridded network of flow paths 
across the basin. By analysis of this gridded network, the drainage 
area and hydrologic information are defined. The system was 
tested on a variety of basins and compared with some standard 
manual methods. The geographic information system was able to 
reproduce the manual methods with tremendous savings of time 
and cost. Overall, the system is a practical tool for any agency 
that must con ider hydrologic analysis of many areas. 

Hydrologic analysis is a subject of interest to various scientific 
disciplines. Two basic steps done prior to any final hydrologic 
analysis are defining the basin area and estimating hydrologic 
model parameters. The conventional approach for deriving 
drainage area and model parameters involves significa nt time 
and expertise . In a recent survey , two frequently mentioned 
constraints to use of hydrologic models were inadequate time 
and lack of appropriate data (1). Because of the time and 
fiscal constraints faced by many agencies, an approach is needed 
to reduce the level of "manual effort" and rely on expert 
system concepts to optimize the contribution from " mature 
hydrologic expertise ." Geographic information system (GIS) 
technology has been explored as a potentially fast expert sys
tem approach to obtaining various hydrologic information 
(2,3). The emergence of readily available, digitized data has 
made GIS especially feasible. Also, terrain analysis tech
niques have evolved to automatically "grow" drainage net
works using gridded elevation data (4,5). Although previous 
studies produced encouraging results for GIS application, many 
areas still need investigation. Hydrology-oriented GISs are 
often constrained by a lack of terrain analysis capability and 
by requiring the user to digitize the input data. Conversely, 
most terrain analysis techniques do not fully couple with a 
hydrologic model. Also , research has suggested that con
straining the elevation data analysis with digitized stream data 
could improve results (6). 
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OBJECTIVE 

The goal of this research was to develop a practical G IS for 
automatic delineation of a watershed area and estimation of 
hydrologic parameters. The specific objectives were to 

1. Use commercial digital data , available nationwide, to 
minimize user input ; 

2. Develop an enhanced terrain analysis method using ele
vation and stream data; 

3. Use a physically based modeling strategy that could be 
used on any type of basin; and 

4. Evaluate results from the GIS against those obtained by 
conventional manual methods . 

GIS DEVELOPMENT 

Two essential cartographic data bases were acquired, covering 
the entire United States, that contained elevation and stream 
location data. The digital elevation (DEM) data were amassed 
by the D efense Mapping Agency (DMA) using 1:250,000 top
ographic maps . The DMA file contains a regular matrix of 
elevation values with a grid spacing of 3 arc-sec. However, 
for this study the data were reduced to a spacing of 30 sec of 
latitude and longitude . Thus the grid resolution is 0.5 nautical 
mi in the latitude direction . The spacing distance in the 
longitude direction is adjusted by the cosine of the latitude. 

The stream data were obtained from the EPA River Reach 
file, which was developed from maps with a scale of 1 :500,000. 
The EPA file contains vectors defining stream channel loca
tions in la titude and longitude coordinates. Using the original 
file , another stream file containing the topologic connectivity 
of the stream network was created. 

The GIS was constrained to use data that were available 
and affordable for the entire nation . Since thi s study was 
initiated, finer resolution DEM and stream data have become 
available from the U.S. Geological Survey (USGS) . Although 
finer data were not used in this study, the GIS was developed 
with the capability to accommodate data of any resolution. 
Although concepts and obstacles fro m previous works were 
addressed to build the GIS, the software for the system was 
written specifically for it. Figure 1 shows a schematic of th e 
GIS . The Tioga River near Mansfield, Pennsylvania , was used 
as an example to illustrate important steps in the methodol
ogy. The only user input required is the outlet location in 
latitude and longitude. Nearby stream data, from the EPA 
file , are used to properly regis ter the outlet and define a 
computationally efficient analysis window (see Figure 2). The 
stream vectors are then rasterized and assigned to grid cells . 
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FIGURE 1 Flowchart of the GIS program. 
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FIGURE 2 Map showing stream data and outlet location for example basin . 
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FIGURE 3 Gridded streams and flow path directions from terrain analysis for 
example basin. 
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FIGURE 4 Estimated area above example basin outlet. 
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The flow direction of every grid point is assigned on the 
basis of steepest descent of the elevation data for the eight 
adjacent neighbors (see Figure 3). However , the elevation 
analysis is enhanced by letting cells drain to any adjacent 
stream cells instead of its lowest neighbor. The logic also 
contains numerous decision rules for resolving sinks, which 
are points lower than all surrounding neighbors. The topologic 
tree of grid cells flowing to the outlet is traced from, and the 
watershed boundary can be defined from , this flow network 
(see Figure 4) . 

The area draining to each grid cell is accumulated along 
with the length and slope of the cell's flow path. The subarea 
drainage network is defined by accumulating the area flowing 
to any point and locating subarea outlets at points exceeding 
a minimum source area (see Figure 5) . In addition to the 
watershed boundary coordinates, the output consists of a file 
with hydrologic information for each subarea (see Table 1). 

The final process is to derive the widely used unit hydro
graph model from the subarea file (see Figure 6). The phys
ically based strategy outlined by Siebach (7) was adopted for 
this purpose . The strategy uses channel cross sections esti
mated by the geomorphic relationships of Dunne and Leopold 
(8), along with several standard hydrologic and hydraulic 
equations. Subareas are sorted according to travel time, which 
is based on flow velocity computed with Manning's equation. 
Then travel times and drainage areas are summed to generate 
a time-area curve. The time-area curve is coupled with linear 
storage routing to generate a unit hydrograph. The unit hydro
graph model can then generate a complete streamflow 
hydrograph for any given storm. 

RESULTS 

A prototype area was selected to test the capabilities of the 
GIS. Thirty-three test basins , from 50 to 1,500 mi2 , were 
selected throughout the mid-Atlantic area (i .e., from New 
York to Virginia). The GIS was used to automatically delin-
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eate the drainage area and generate peak flows for two storm 
events in each basin. For comparison, flows were also gen
erated using conventionally derived unit hydrographs used by 
the National Weather Service (NWS). 

When compared to published USGS drainage areas, the 
average absolute error in GIS-derived area was 5 percent with 
a standard deviation of 6 percent (see Figure 7). Practically 
speaking, the drainage area errors were quite low and accept
able. The low errors are somewhat surprising considering the 
coarse resolution of the DEM data. One reason for the GIS 
success was the use of stream data in the terrain analysis. 
By degrading the stream data, it was found that errors 
increased up to 30 percent when no streams were used (see 
Figure 8). 

The area errors tend to decrease in nonlinear fashion and 
become less variable as the basin size increases, especially on 
basins greater than 150 mi2 • Similar to the findings of previous 
studies, it was found that errors generally increased with grid 
size (9). Thus, it appears that application of the GIS to basins 
smaller than the test basins should use finer-resolution DEM 
data. 

For the hydrograph simulation, errors in the peak flow were 
obtained by comparing estimated flows with gauged obser
vations. Peak flow errors were computed for the conventional 
NWS methods as well as for the GIS. The average peak errors 
for the GIS were 28 percent and 3 hr for the peak flow and 
time to peak (see Table 2). The errors using the NWS tech
niques were 28 percent and 4 hr. More important, there were 
no significant differences between the GIS and conventional 
methods. Deviations from actual observations for either method 
were probably because of limitations in estimating rainfall 
over large basins. 

The total effort to analyze all of the test basins using the 
GIS was approximately 30 min. On the other hand, the con
ventional manual approach to define the area and parameters 
required several years' effort. Also, the conventional unit 
hydrographs were calibrated with historic storm events making 
them, in theory, an optimal function. 
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FIGURE 5 Definition of subareas and estimated stream channels for example 
basin using subarea threshold of 5 mi2. 



TABLE 2 AVERAGE HYDROGRAPH ERRORS FOR ALL BASINS 
FOR THE GIS AND CONVENTIONAL NWS METHODS 
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FIGURE 8 Change in average drainage area errors as digitized streams are 
deleted. 
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CONCLUSION 

Overall, the study showed that a GIS could be used as a cost
effective alternative to conventional manual methods. The 
system developed is a convenient tool to define watershed 
boundaries and perform hydrologic analysis using sound phys
ical principles and easily obtained digital data. In fact, peak 
flows generated by the GIS differ little from those produced 
with conventional, event-calibrated methods. 

The GIS performed quite well at reproducing the drainage 
area. Also, the unique use of digitized stream data signifi
cantly improved the watershed growing capability. The coarse 
digital data used in the study appear adequate for rather large 
areas. However, finer-resolution elevation data would probably 
give improvements on smaller basins. 

In addition to comparing favorably to the conventional 
methods, the GIS has several added advantages. The physical 
model used by the GIS is specially useful for ungauged areas 
where historic data are not available for conventional cali
bration. The biggest advantage is that information obtained 
manually could require years to process, whereas the GIS 
generates information in a matter of minutes. 
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