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The system requirements for uWATER are the 
same as those for ArcGIS Explorer.
 In the spirit of “GIS for Everyone,” this 
ArcGIS Explorer Web GIS application gives 
decision and policy makers access to technical 
modeling results using customized interfaces 
and functions provided by developers. Analysis 
functions such as tabular attribute calculation 
and spatial and attribute queries allow deci-
sion makers to systematically examine natural 
resource availability and the impacts of devel-
opment. The input data, supplied in shapefile 
format, required by uWATER includes data 
depicting features that could have an impact 
on natural resources (e.g., groundwater draw-
down or population distribution) and data on 
natural resources that could be impacted (e.g., 
fish habitats or river flow rates). 

Interface and Methodology
Installation of uWATER is simple. It does not 
require installing a conventional executable file 
(e.g., .exe or .dll) on the destination computer. 
Instead, uWATER uses an ArcGIS Explorer 
application configuration file (.ncfg) that in-
stalls automatically on any computer on which  
ArcGIS Explorer is properly installed. Obtain  
uWATER by downloading the uWATER toolkit  
from isws.illinois.educ/gws/sware/uwater/. 
 Double-clicking the uWATER1.0.ncfg icon 
opens ArcGIS Explorer and adds a custom-
ized tab, uWATER1.0, to the default ArcGIS 
Explorer interface. The uWATER1.0 tab con-
tains a single control button that launches 
uWATER. The interface is designed as a dock-
able window in ArcGIS Explorer. uWATER 
has two major functions: attribute calculation 
and complex query.
 The Attribute Calculation tab allows users 
to add a shapefile from the local computer to 
the ArcGIS Explorer display and perform sim-
ple attribute calculations using the shapefile’s 
attribute table. The program permits addition, 
subtraction, multiplication, and division of 
any two numeric attributes. Calculation results 
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explorer provides an accessible GIs-based 
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are added to the ArcGIS Explorer table of 
contents and map display as notes, an ArcGIS 
Explorer data format denoted by a file folder 
symbol in the table of contents. All results of 
uWATER procedures are stored as notes and 
grouped in folders. The notes folder contains 
a single note for each feature in the shapefile. 
Each note generated by an attribute calcula-
tion is assigned a name that begins with the 
string CalNote. The remainder of the name is 
specified by the user and may include the FID 
(the feature ID that exists for every shapefile), 
the calculation result, or both. Notes have the 
same spatial domain as the original shapefile.
 The Complex Query tab allows combined 
spatial and attribute queries of user-imported 
shapefiles. The shapefile name is entered in a 
window in the Add Shapefile for Query box 
as shown in Figure 2. An additional shapefile 
and notes can be used as criteria. If additional 
shapefile data will be included in the query, the 
Adding external shapefile radio button is select-
ed. If notes calculated during the same ArcGIS 
Explorer session will be employed in the query, 
select the Using the previous calculated Notes 
radio button. Selection of either radio but-
ton activates a group box that allows the user 
to specify a range of data using minimum and 
maximum values from the chosen data source. 
 The user selects the desired spatial rela-
tionship for the spatial query from the options 
in Table 1. Clicking the Identify features but-
ton executes the query. Two folders of notes 
are created. The identified feature notes folder 
contains a note for each feature identified us-
ing the specified minimum and maximum val-
ues. Each note is (by default) assigned a name 
beginning with the string IdfNote (if the fea-
tures are stored as notes) or EXTNote (if the 
features are stored in a shapefile). The spatial 
query notes folder contains one note for each 
feature identified through the spatial query. By 
default, the names assigned to these notes be-
gin with the string SQNote.

A Real-World Application 
Data from a real-world water resources man-
agement project in McHenry County, Illinois, 
is included with the uWATER application and 
can be used to demonstrate uWATER func-
tions. The water supplies for McHenry County, 
located in northeast Illinois, are derived entire-

ly from groundwater. Consequently, ground-
water is a vital resource for residents and the 
county’s economy (Meyer 1998). With rapid 
population growth, groundwater withdraw-
als are expected to increase and may result in 
the degradation of the natural environment. 
Groundwater is found within underground 
aquifers in the saturated zone where water fills 
all the pore spaces in the subsurface materials. 
The water table (groundwater level) is located 
at the top of the saturated zone. 
 The Illinois State Water Survey used a 
groundwater model (Meyer et al., in prepa-
ration) to simulate the water table under dif-
ferent future climate and water use scenarios. 
The results are stored in shapefile format and 
displayed as model cells covering the entire 
spatial domain of McHenry County. The attri-
bute table contains the elevation (in feet above 
mean sea level) of the groundwater level for 
each cell under different pumping scenarios. 
These are used as the input for uWATER. 
 First, uWATER can be used to compute the 
groundwater drawdown in each cell. When 
groundwater is withdrawn from a well, a 
cone of depression is formed. In this example, 
groundwater drawdown means the difference 
in a water table between natural (i.e., prede-
velopment) conditions and the water table af-
ter a cone of depression develops at the same 
location. 
 Groundwater drawdown might cause sev-
eral environmental problems. Drawdown may 
dry nearby wells and result in an insufficient 
water supply; it may also decrease the ground- Continued on page  24

water discharge to rivers or 
wetlands. This could cause 
the decline of base flow or 
stream stage, resulting in seri-
ous ecological issues such as 
water quality degradation and 
fish habitat losses. Therefore, 
excessive groundwater draw-
down should be evaluated in 
the areas where water sup-
plies are heavily dependent on 
groundwater.
 The attribute calculation 

function in uWATER can easily compute draw-
down using the water table from two different 
periods. For example, if one wishes to know 
drawdown in 2025 compared with predevel-
opment conditions, uWATER can compute 
the drawdown and show the results as notes in 
ArcGIS Explorer (shown in Figure 3).
 If one wishes to evaluate the impact of 
groundwater drawdown on other natural re-
sources, a uWATER complex query can be 
used. Natural resources, such as fish (rep-
resented by collection sites), rivers, and 
wetlands, may be depicted in three different 
spatial formats: points, lines, and polygons. An 
analyst may wish to identify natural resources 
that intersect cells that will have drawdowns 
greater than 5 feet in 2025. 
 uWATER first identifies the cells with draw-
down greater than 5 feet using the groundwater 
modeling result shapefile. Figures 4 to 6 show 
the results of these queries. The blue cell is the 
groundwater modeling result shapefile, and 
the green cells are the cells with drawdown 
greater than 5 feet calculated by uWATER. 
Overlapped with the basemap underlying the 
groundwater modeling result, areas with larger 
drawdown values (green cells) are all located 
near large municipalities such as Crystal Lake, 
Woodstock, and Algonquin. After identifica-
tion of these cells, uWATER conducts a spatial 
query on the fish sample sites (purple points 
in Figure 4), rivers (purple lines in Figure 5), 
and wetlands (purple polygons in Figure 6). 
Various natural resource features that might 

 Figure 2: the uWater 
interface showing the 
attribute calculation and 
complex Query tabs
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be affected by groundwater withdrawal can be 
easily identified (red-colored features shown 
in Figures 4, 5, and 6) based on the special dis-
tribution of green cells. In these examples, de-
cision makers could choose to focus on these 
red-colored features.

Conclusion
With this free GIS-based DSS, nonspecialists 
can consider the results of technical modeling, 
along with societal values, when making deci-
sions that affect sustainable resource manage-
ment. The uWATER package (main program, 
test data, and manual) can be downloaded for 
free at isws.illinois.educ/gws/sware/uwater/.  The 
download package includes the plug-in pro-
gram, user’s manual, and example files. 
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Continued from page 23

 Figure 3: an attribute calculation in uWater determining the level of 
the water table at two times (i.e., groundwater drawdown) 

 Figure 4: a complex 
query in uWater 
intersects query points 
for fish sample sites with 
polygons representing 
groundwater drawdown 
greater than 5 feet

 Figure 5: a 
complex query 
in uWater 
intersecting query 
lines for rivers 
with polygons 
representing 
groundwater 
drawdown greater 
than 5 feet

 Figure 6: a complex 
query in uWater 
intersecting polygons for 
wetlands with polygons 
representing groundwater 
drawdown greater than 
5 feet
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Method Description

Contains Searches for occurrences where the input geometry completely contains any of the geometries stored in the 
table. Valid for all shape type combinations.

Crosses Searches for occurrences where the input geometry intersects any of the geometries stored in the table but 
only shares points in common, at least one of which is not an endpoint. A polyline and a polygon cross if they 
share a polyline in common on the interior of the polygon that is not equivalent to the entire polyline. Valid for 
polyline/polyline, polyline/polygon, and polygon/polyline shape type combinations.

Intersects Searches for any type of spatial relationship between the input geometry and the geometries stored in the 
table. Valid for all shape type combinations.

Overlaps Searches for occurrences where the input geometry intersects any of the geometries stored in the table but 
also where the region of their intersection is of the same dimension as the geometries involved and is not 
equivalent to either of the geometries (i.e., the shapes cannot be completely on top of each other). Applies to 
polygon/polygon, polyline/polyline, and multipoint/multipoint shape type combinations.

Touches Searches for occurrences where the input geometry shares a common boundary with any of the geometries 
stored in the table but also where the intersection of the interiors of the searched shapes is empty. In the point/
polyline case, the point may touch an endpoint only of the line. Applies to all combinations except point/point.

Within Searches for occurrences where the input geometry is completely within any of the geometries stored in the 
table. Valid for all shape type combinations.

table 1: spatial query methods in uWater (adapted from arcGIs explorer sDK Developer Help)

 For more information, contact Yi-Chen E. 
Yang (yang24@illinois.edu) and Yu-Feng F. 
Lin (yflin@illinois.edu), Illinois State Water 
Survey, Esri–GIS Development Center, Insti-
tute of Natural Resource Sustainability, Uni-
versity of Illinois at Urbana-Champaign, 2204 
Griffith Drive, Champaign, Illinois 61820. 
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