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SUMMARY: Hydrographic Data for a Water Resources GIS 
Brown, Anderson, and P. Gersmehl, WRRC, University of Minnesota 

Issues 

As a basis for predicting runoff potential, a resource manager needs good 
information about the streams and artificial drainage channels in a watershed. To 
translate existing data into computer-usable form, and to gather future information 
in an efficient manner, the designers of a water-resources Geographic Information 
System must deal with five fundamental issues: 

I) Linear nature of stream channels. Unlike most other hydrologic 
phenomena, hydrographic data are linear and not areal in nature. 
On maps or aerial photographs, most streams appear as thin lines. 
Reservoirs and lakes on rivers are an exception to this linear 
view -- water may enter and leave at endpoints, but a reservoir 
must have substantial width in order to serve as an important 
storage place. Our recommendations must make allowance for 
the fact that data on stream channels are qualitatively different 
from terrain, land-cover, and soils data. 

2) Hierarchial nature of stream systems. All water that enters stream 
channels, rivers, and gullies will flow downhill through a system 
that is hierarchial in design. Most streams have tributaries that 
add water from upstream. Each in turn serves as a tributary to 
another body of water. The surrounding terrain is an important 
factor in the formation of stream networks, and the topology of 
each system is unique. Our recommendations must make allow
ances for the difficulty of generalization about drainage systems. 

3) Time- and place-bound nature of stream data. Streams have length 
on maps, but it is the only continuous hydrographic information 
we have -- other stream data comes from samples at individual 
points. To make inferences about traits of streams between 
sampling points, we usually look at factors such as topography~ 
soil, geologic formations, and vegetation cover. The adequacy of 
these inferences can vary, depending on landscape complexity, 
frequency of observations, and spacing of sampling points. 

4) Temporal changeability of stream networks and channels. Any 
swale or depression in the terrain (natural or man-made) can 
serve as channel to move storm runoff to the nearest mapped 
channel. The parts of a hydrographic network that actually 
carry water at a given time can vary, depending on rainfall 
intensity, channel geometry, and the traits of the surrounding 
land. Moreover, the topology of a drainage system and the 
dimensions of the channels can change even during a single 
storm. Our recommendations must make allowances for the 
variations in channel capacity and flow velocity that accompany 
these changes in the system. 

5) Necessity for relational structure in a GIS. In order to provide 
data for a predictive simulation (such as the Universal Soil Loss 
Equation or the Precipitation-Runoff Modelling System), a GIS 
must relate all data to a common coordinate system. When that 
is done, the simulation can get information on land cover, soil, 
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Findings 

and slope at exactly the same place and thus reach a valid 
conclusion about erosion or runoff. Our recommendations must 
make allowances for the nature of the data files that will be 
used with the hydrographic file in solving a resource problem. 

Our goal is to build a hydrographic data base that can describe the drainage 
system in areas of moderate size with reasonable accuracy, facilitate relational use 
with other kinds of data, and allow easy addition of better data when they become 
available. To obtain a basis for a recommendation, we reviewed current data sets 
collected by various agencies in Minnesota, including information on: 

- the state-wide Common Stream and Watershed Numbering System, 

- the River Kilometer and Mile Index files, 
- the MLMIS40 watershed boundary files, 
- the MLMIS40 and Arc/Info digitized stream network and lake files, 

- the SWIM Lake Summary File, and 
- the U.S. Geological Survey stream discharge and water quality data. 

Recommendations 
On the basis of our review of these existing data sets, we can make the 

following recommendations: 

I) Maintain a separate vector-encoded file of stream channel data. 
This file should include data on location, shape, length, and 
place within the drainage system of the State. Do not summarize 
the information by larger units of area such as 40-acre parcels, 
square-mile sections, townships, or counties except for actual 
analyses. When larger data cells are used, maintain an inventory 
of the number and characteristics of stream segments at each 
level of the system hierarchy within the area. 

2) Consolidate all stream, lake, and watershed boundary information 
into a single file with the same spatial resolution and stream 
identification system. Currently this information is maintained 
within several incompatible files of differing scales and formats. 
It therefore requires too much time and processing cost to extract 
complete hydrographic data for a limited geographic area such as 
a county or watershed. 

3) Begin a program of systematic field measurement of channel 
dimensions, slope, and roughness at key sample points. These 
measurements should be geocoded by UTM coordinates and time
stamped, because data of this kind is time- and place-specific 
and can become obsolete very quickly. 
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The systems of channels that collect runoff are important components of 
water resources we are trying to understand and simulate. In order to prec 
runoff amount, flood potential, or lake levels, a resource manager needs g4 
information about the way water is routed from source areas to the outlet o: 
drainage basin. A water-resources Geographic Information System (GIS) sho 
allow users to translate existing information into computer-usable form and 
update data files in an efficient manner. The designer of a water-resource ( 
must deal with four fundamental issues relating to drainage systems: 

I) the topological linearity and hierarchical organization of a system 
of drainage channels; 

2) the necessity for a point-relational structure in a resource GIS; 

3) the dynamic nature of drainage system configuration, tributary 
extension, and channel depth, width, slope, and roughness; and 

4) the kinds of data needed in order to understand the feedback 
relationships between channel geometry and water flow. 

We will make a brief review of these theoretical issues and then evaluate 
available sources of hydrographic data in Minnesota. The major purpose of t 
evaluation will be to determine how the existing mass of data can be incorpora 
into the structure of a statewide water-resources GIS. 

Topology of drainage systems 

The topological traits of a drainage system present two problems, the lin1 
nature of stream channels and the hierarchical nature of stream systems. Unl 
most other hydrologic phenomena (except built water transfer systems), streams : 
linear and not areal in their nature. They function as partially enclosed condt 
in which flow enters the channel at a large number of uphill points and leaves 
a downhill opening some distance away. Stream channels have width only wl 
you stand right near them; most streams appear on maps or aerial photographs 
thin lines. Reservoirs and lakes on rivers are exceptions to this linear view 
water still may enter and leave by the endpoints, but a reservoir has substan1 
width and therefore is able to serve as a storage element in the system. 

All water that enters stream channels, rivers, and gullies will flow downl 
through a system that is hierarchical in design. Most stream channels have m~ 
tributaries that contribute flow to the channel from places upstream. Each chan 
in turn serves as a tributary to another body of water. Systems of drain: 
channels are like a set of one-way streets funneling all their traffic to a sin 
parking lot; as water moves through the system, the downstream channels must 
deeper, steeper, smoother, and/or wider in order to accommodate the additio1 
volume of flow. The integration of these channels into a tree-shaped struct1 
appears to follow some regularities that have been studied and restudied I 
decades (Horton 1945; Werritty 1972; Gardiner and Park 1978). 
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The systems of channels that collect runoff are important components of the 
water resources we are trying to understand and simulate. In order to predict 
runoff amount, flood potential, or lake levels, a resource manager needs good 
information about the way water is routed from source areas to the outlet of a 
drainage basin. A water-resources Geographic Information System (GIS) should 
allow users to translate existing information into computer-usable form and to 
update data files in an efficient manner. The designer of a water-resource GIS 
must deal with four fundamental issues relating to drainage systems: 

1) the topological linearity and hierarchical organization of a system 
of drainage channels; 

2) the necessity for a point-relational structure in a resource GIS; 

3) the dynamic nature of drainage system configuration, tributary 
extension, and channel depth, width, slope, and roughness; and 

4) the kinds of data needed in order to understand the feedback 
relationships between channel geometry and water flow. 

We will make a brief review of these theoretical issues and then evaluate the 
available sources of hydrographic data in Minnesota. The major purpose of this 
evaluation will be to determine how the existing mass of data can be incorporated 
into the structure of a statewide water-resources GIS. 

Topology of drainage systems 

The topological traits of a drainage system present two problems, the linear 
nature of stream channels and the hierarchical nature of stream systems. Unlike 
most other hydrologic phenomena (except built water transfer systems), streams are 
linear and not areal in their nature. They function as partially enclosed conduits 
in which flow enters the channel at a large number of uphill points and leaves by 
a downhill opening some distance away. Stream channels have width only when 
you stand right near them; most streams appear on maps or aerial photographs as 
thin lines. Reservoirs and lakes on rivers are exceptions to this linear view -
water still may enter and leave by the endpoints, but a reservoir has substantial 
width and therefore is able to serve as a storage element in the system. 

All water that enters stream channels, rivers, and gullies will flow downhill 
through a system that is hierarchical in design. Most stream channels have many 
tributaries that contribute flow to the channel from places upstream. Each channel 
in turn serves as a tributary to another body of water. Systems of drainage 
channels are like a set of one-way streets funneling all their traffic to a single 
parking lot; as water moves through the system, the downstream channels must be 
deeper, steeper, smoother, and/or wider in order to accommodate the additional 
volume of flow. The integration of these channels into a tree-shaped structure 
appears to follow some regularities that have been studied and restudied for 
decades (Horton 1945; Werritty 1972; Gardiner and Park 1978). 
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The character of drainage systems is further complicated by the spatial 
variability of streams. Conditions of channel geometry, roughness, slope, and 
stability of channel materials can change dramatically over short distances. For 
this reason, a small number of measurements of channel geometry may not provide 
an adequate data base for flow-stage simulation with hydraulic equations. Trying 
to accommodate this lack of data has proved to be, ironically, one of the major 
weaknesses in many hydrologic simulations. For example, there is provision for 
only one measurement of channel traits as input to the microcomputer version of 
"TR-55," the current implementation of the simulation developed by the Soil 
Conservation Service to predict peak flow in small watersheds (SCS 1986). It 
should come as no surprise that the simulation occasionally fails to represent the 
real world adequately; for example, a rainfall event of less than two inches on one 
author's farm completely filled a weir structure that was designed to handle the 
expected runoff from a 4.5-inch storm, as determined from TR-55. 

Complexity of surrounding terrain is an important factor in the shaping of 
stream systems, and it usually results in unique topology for each river system. 
This means, bluntly, that we usually cannot substitute measurements from one 
system for those on another. It also means, however, that some stream traits can be 
"predicted" if we know enough about the surrounding terrain. This possibility is 
one of the major arguments in favor of using a geographic information system in 
water resources analysis. 

To summarize the preceding discussion in the vocabulary of a GIS manager, 
stream systems are spatially relational -- the individual reaches of a stream system 
can have an influence on each other. Each individual segment of a stream system 
can be affected by all terrain and tributaries that lie upstream and, in turn, it can 
affect all downstream parts of the drainage system. Normally, GIS files for areas 
are punctually relational rather than spatially relational. In other words, separate 
files of attributes can be matched with each other for a specific point, but areal 
units within a given attribute file are logically independent of each other. This 
characteristic of most current cell-based GIS systems can be a weakness when 
dealing with drainage systems. The standard methods of handling and displaying 
data from a cell-based GIS tend to interrupt linear features and thus hide the 
connectivity of a drainage system. Thus, the structure of a water-resources GIS must 
be modified to accommodate the spatially relational nature of stream systems. because 
that kind of "lateral" connection is not one of the fundamental attributes of a cellular 
geographic information system. 

Necessity for a point relational structure in GIS 

In order to provide data for a hydrologic simulation (such as the Universal 
Soil Loss Equation, the Precipitation-Runoff Modeling System, or the Illinois 
Urban Drainage Area Simulator), a water-resources GIS must relate all data to a 
common coordinate system. When that is done, the simulation can get information 
on land cover, soil, and slope at the same place and thus reach a valid conclusion 
about erosion or runoff. The designers of a GIS must therefore make allowances 
for the nature of the data files that will be used with the hydrographic system file 
in solving a resource problem. To guarantee an adequate degree of relationality. the 
GIS should be able to identify the cell locations that contribute water. sediment and 
chemical constituents to any segment of the drainage system. 

Preserving punctual and spatial relationality in a single GIS data file is 
awkward, both conceptually and operationally. For many purposes, it is easier to 
maintain two separate files: 
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- a vector-encoded file of stream dimensions and characteristics, and 

- a cellular file that simply indicates the presence of the stream in 
relation to soil, land cover, terrain, and other environmental 
data. 

This procedure allows a much more precise description of stream system topology 
and channel geometry. It also permits easier updating of the file on stream traits, 
which can change quite rapidly. 

Dynamic nature of system configuration, channel depth, width, slope, and 
roughness 

The innate temporal changeability of streams can pose a huge problem for 
people trying to simulate streamflow. Channel depth, roughness, slope, and width 
can vary with any change in flow volume (see "Channel Form and Process" in 
Leopold et al. 1964, pp. 198-332; see also Wahl 1984). To make matters worse, 
channel characteristics also change through time, even with constant volume of 
flow. The variability of channel characteristics, in turn, has profound implications 
for the flow-carrying capacity and efficiency of a stream system (Heede 1980). 
Taken all together, this means that hydrographic data are among the most quickly 
outdated information we might include in a GIS. 

Clearly, regional water simulations call for innovative ways of defining the 
system that delivers water to the basin outlet. If channels were fixed pipes, the 
time dimensions of flow could be handled with physical equations. Channels are 
not closed pipes, however, and their changing geometry forces the use of fitted or 
statistical solutions to the routing problems (see Gersmehl et al., chapter 2 in this 
volume). Relying on fitted models means that routing methods often must be 
calibrated to every drainage basin. While this is fairly easy for gauged basins, it is 
not possible for ungauged locations within a basin. For these areas the simulations 
may not deliver as much precision as we would like to see. It might prove useful 
to produce tables or maps of regional channel traits, defined on the basis of sample 
channels with specified ranges in flow spectrum, regional slope, and channel 
materials. Indeed, a water-resources GIS may be precisely the tool needed to do 
that task. The results would not be as accurate as field measurements, but they 
would certainly be better than what is currently available. 

At first, a cell-based GIS can store the hydrographic links among areas and 
··crude approximations of the flow capacity of channels that run from one cell to 

the other. This will not provide, however, adequate data for continuous synthesis 
ations of peak floods (e.g. Terstriep and Stall 1974). However, we should note 

·that the state of the art has not moved very far in such simulations. People who 
.·try to simulate continuous flow records are tackling problems that are both 

conceptually and operationally more difficult than event simulations. Dealing 
• .with temporal continuity in simulation is a challenge for hydrologic modelers and 

big task for data-gatherers (see Nieber and Lopez-Bakovic, chapter 8 in this 
me; see also the general review of models in chapter 2 of this volume). 

needed to understand the effects of channel geometry on flow 

Streams have length and shape when viewed from above or represented on 
This linear topology is the only continuous information we have about the 
raphic system; all other data we collect on streams comes from samples at 

ividual points. To make inferences about stream characteristics between 
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sampling points, we usually look at related factors such as topography, soils, 
geologic formations, and vegetation. The adequacy of these inferences varies 
considerably, depending on the complexity of the local landscape and the spacing 
of sampling points. Moreover, stream discharge and water quality also vary 
through time; frequency of measurement is an important consideration. 

The locations of channels are the first kind of data needed to evaluate the 
effects of channel geometry on flow capacity. Unfortunately, not all channels are 
visible on aerial photographs or marked on topographic maps (for a review of 
studies of accuracy in stream depiction on maps, see Table 2-2 in Goudie 1981). 
Any swale or depression in the terrain (whether natural or man-made) can serve as 
a storage area or as a channel to move storm runoff to a nearby stream. The 
actual extent of the channel system is a variable that depends on rainfall intensity, 
seasonal temperature, soil moisture, land cover, and a host of other environmental 
variables. The way all actual and potential stream links are stored in a GIS must 
make allowances for the fact that not all streams are recorded for an area, nor do 
all of the recorded ones function during every storm. 

The data necessary to understand the effects of channel geometry on flow 
characteristics can seldom be derived from a single source. One can calculate 
average channel slope from topographic maps, within the accuracy limit of contour 
placement, but actual slopes often change dramatically over short distances. The 
requisite accuracy of channel width, depth, slope, and roughness cannot be 
obtained from topographic maps, because contour intervals are almost always far 
too coarse to define channels. 

Interpretation of aerial photographs holds greater promise for characterizing 
channel width; however, the accuracy of definition in the horizontal dimension is 
greater than in the vertical. Moreover, measurement of vertical dimensions are 
hampered if the channel contains water, which obscures bottom conditions and 
makes it difficult to measure either depth or roughness. Thus, unreliable figures 
for depth and channel slope still remain as limiting variables in our ability to 
describe channel geometry for a GIS. 

The limitations of the available data suggest that channel characteristics 
will probably have to be determined by field observation, measurement, and 
interpretation. It is important to stress that the accuracy of field data is limited 
by the interpretation process; thus, measurement of horizontal distances to a high 
degree of precision is unwarranted if we cannot be as accurate in relating the data 
to surrounding environmental conditions. This statement applies with even more 
force to measurements of elevation, because most optical surveying instruments are 
capable of an order of magnitude better accuracy in the vertical dimension than in 
the horizontal. In this context, we should restate one of the cardinal principles 
that must guide the developers of any GIS: the fact that we can measure one variable 
to a tolerance of a fraction of a percent does not entitle us to report the results of a 
simulation to that degree of precision. Indeed, just the opposite is true: the implied 
output precision of a simulation should be no greater than that of the least precise 
input variable. 

Channel definition -- a subjective judgment -- is in almost every instance 
the source of great potential error in trying to determine the capacity of a stream. 
The authors have tried to measure the dimensions of stream channels in nine states 
(and Puerto Rico) and have concluded that the process is difficult, at best, and 
that any rules we may devise in one area are not necessarily applicable in another 
(see, for example, Brown 1971 ). 
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Channel roughness, as described by Manning's n, is also a partly subjective 
interpretation and not a purely objective measurement (Barnes 1967; Fasken 1963). 
Even for a channel with stable bed conditions, the value of n changes with water 
depth. Since Manning's n serves as the denominator in flow equations, erroneous 
values of n can cause wide deviations in flow calculations. Even for smooth 
concrete pipes, the allowable range of Manning's n can induce a twenty-percent 
variation in the results of a flow simulation. 

In conclusion, the hydrographic data files in a water resources GIS should 
be able to describe the drainage system in areas of moderate size with reasonable 
precision, to make regional inventories with reasonable accuracy, to facilitate 
relational use with other kinds of data, and to allow easy addition of better data 
when they become available. This goal is easy to state but very difficult to 
achieve, Natural stream channels are notoriously variable in space and in time, 
and some of the most influential data in a simulation are the inherently subjective 
interpretations of channel boundaries and roughness. Moreover, the very process 
of carrying water during a storm will modify the geometry of a stream channel 
and thus alter its ability to carry water. 

' REVIEW OF CURRENT HYDROGRAPHIC SYSTEM DATA 

To build a foundation upon which to base a recommendation about stream 
system data, we reviewed current data sets collected by the Planning Information 
Center, the Minnesota Department of Natural Resources, and other agencies (for a 
complete list of these and other minor data files, see SWIM 1981). The major 
repositories of data include: 

- the Common Stream and Watershed (CSA W) Numbering System, 
- the MLMIS40 Watershed Boundary files, 
- the MLMIS40 Water Orientation files, 
- the River Kilometer Index files, 
- the SWIM lake summary file, and 
- the USGS data on stream discharge and water quality. 

The state-wide Common Stream and Watershed (CSA W) Numbering System 

As the name implies, CSA W is only a system developed to give a unique 
identification number to each of the State's 5,600 stream segments and minor 
watersheds. The hierarchical system includes all rivers, streams, and ditches that 

. b~ve drainage areas of at least five square miles and are identified on U.S. 
Geological Survey topographic maps. The numbering system was designed to 
incorporate previous procedures for mapping minor watersheds. 

Each CSAW identification number has two parts: a unique stream number, 
a non-unique drainage area number. Streams and tributaries are numbered in 

.. downstream-to-upstream pattern for each of the four major drainage basins 
thin the state. The CSA W system then uses a variable-length number to identify 

tributary by its order of contribution to the major stream. For instance, the 
,, ....... o:~••o:~o:~•PPi River at the southeast corner of the state has stream number 1. 

ream, the St. Croix River is identified as stream number 1-50. The Kettle 
ver, which is a tributary to the St. Croix River, is stream number 1-50-46; and 

Grindstone River, a tributary of the Kettle River, is officially known as 
number 1-50-46-10. 
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The watershed drainage designation in a CSAW number defines a relative 
location along stream reaches and establishes a hydrologic order to the watersheds. 
All drainage units consist of areas between stream confluences. As with the stream 
number, the numbering of drainage areas proceeds from downstream to upstream 
(Figure 12-l). Designations of drainage areas are not unique, since several 
watersheds within the state can qualify as the third drainage area on the second 
tributary of a terminal stream. This lack of uniqueness was intentional, because 
one major use of the drainage numbering system is to allow an investigator to 
determine the number of watersheds a particular "pulse" of runoff must travel 
through before it reaches a designated outlet. 

The Common Stream and Watershed data file contains a series of attributes 
for each stream segment: 

- its number (from USGS maps), 
- a geocode for the watershed outlet (located by county and by 40-

acre Public Land Survey parcel), 
- the CSAW number, 
- its general direction of flow at the outlet, and 
- a cross-reference to the MLMIS minor watershed file. 

The CSA W data file does not contain information on lengths of stream segments, 
sizes of drainage areas, channel geometry, slope, or any of the other hydrologic 
traits necessary for runoff simulation (Thornton 1981). Moreover, the CSAW 
definition of "drainage area" is not comparable to the USGS concept of "watershed• 
or "catchment," which includes all of the area that drains into a stream above a 
particular gauging point (see below). 

The MLMIS40 Watershed Boundary files 

The MLMIS40 watershed boundary files provide data on the areal extent of 
each of the 5,600 minor watersheds identified (by CSAW number) within the state. 
This file was a joint effort of the Minnesota Department of Natural Resources and 
the State Planning Agency. The MLMIS40 files represent the official state 
designation of watersheds; the data are stored at the state's Planning Information 
Center in EPPL cellular format. At this time, these files are the only GIS source 
for determining sizes of drainage basins. 

Large-scale ( 1:24,000) topographic maps, where available, were the primary 
source of data for watershed delineations. The file identifies only those 
watersheds with a drainage area of 5 square miles or larger. Smaller areas were 
assigned to the closest neighboring stream segment that flows in the same general 
direction. Most of the mapping work was completed between 1978 and 1979, with 
recent modifications to remove duplicate minor watersheds. 

As in the case of CSA W, a single MLMIS "watershed" extends a finite 
distance along a stream. It begins where the stream joins another stream or 
empties into a lake and ends at another tributary confluence or intersection with a 
lake upstream. Each watershed has a unique five-digit number, with the first two 
digits designating one of the 81 major watersheds in the state, and the last three 
digits identifying the minor basin with the watershed. Definition of watersheds in 
the MLMIS file is by encoding the geographic locations of enclosed 40-acre parcels, 
not by digitizing the watershed boundary. 

Page 12-10 Design for a Water-Resources GIS 



vc COMMON STREAM AND WATERSHED NUMBERING SYSTEM: 
DESIGNATION OF DRAINAGE AREAS 
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(After Thornton 1981) 

The Common Stream and Watershed (CSAW) numbering system defines watersheds 
by their relative distance along a stream reach. Drainage areas are defined with 
boundaries at stream confluences (where two tributaries come together), and are 
numbered in a downstream-to-upstream order. Each drainage area has a variable
length number that identifies how many tributaries the watershed is away from 
the main outlet. Watershed designations in CSAW are not unique; Minnesota has a 
number of drainage areas that arc the third tributary from the second reach of a 
major stream outlet. 

Figure 12-1 
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The MLMIS40 Water Orientation files 

In 1975, State Planning Agency staff identified all 40-acre parcels of land 
that adjoin or contain water. "Water," in this context, means all lakes and 
perennial and intermittent streams. Data came from topographic maps (1:24,000 
scale where possible, otherwise 1:62,500, 1:250,000, or Minnesota Department of 
Transportation county roadway maps). 

One problem with the Water Orientation file is that it does not specify the 
kind or amount of water within the forty-acre tract. Thus, it provides a good 
illustration of a suboptimal data file, collected in a reasonably efficient manner for 
a particular purpose but of less value than it could be for other related purposes. 
A little extra expenditure of time could have obtained data on other variables 
shown on topographic maps and thus made the file very useful in a GIS. The time 
is right for us go beyond these very simple data sets and to create ones with utility 
for a wide range of applications. The next file on this list is an attempt to do just 
that. 

The SWIM Lake Summary File 

The SWIM (Systems for Water Information Management) Lake Summary file 
contains descriptive information on over 15,000 lake basins identified by DNR's 
Lakes Inventory (Bulletin 25). The file contains basic information on: 

- location (at the township level), 
- physical characteristics (including lake type, size, shorelength, 

maximum and minimum depth, secchi disk/water clarity 
readings, dominant forest/soil type, and whether a contour map 
is available), 

- water chemistry, 
- use, diversion, and other permits, 
- development level along the shoreline, 
- availability of public access, and 
- fishing resources (including net catches and stocking reports; 

popular among local fisherman). 

Unfortunately, we do not actually have all of these kinds of data for every lake in 
the state; one of the "hidden" purposes of the SWIM structure is to help us identify 
those lakes for which up-to-date data are not available. · 

Funded by LCMR, the SWIM file is a product of the State Planning Agency, 
DNR, MPCA, State Department of Health, Minnesota Geological Survey, and USGS. 
The SWIM Lake Summary file is a query system rather than a full-fledged GIS. 
The user can obtain tabular data for individual lakes by name or identification 
number within a county, but the system has no mapping options. The data base. 
currently is separate from the EPPL and Arc/Info systems. As the only file 
available with lake-quality information, it should become part of the state's GIS to 
allow mapping and comparisons with data on terrain, soils, stream network, and 
land cover. 

The River Kilometer Index files 

A River Kilometer Index (RKI) file does two things: it identifies all rivers, 
streams, creeks, and ditches in a major Minnesota drainage system, and it records 
their lengths in kilometers as digitized from topographic maps. Eight-one RKI . 
files have been coded, one for each of the major watersheds. The files are stored 
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as Arc/Info "covers," a vector-based GIS and computer cartographic file structure 
developed by the Environmental Systems Research Institute (ESRI) and installed on 
the Prime computer at the Planning Information Center. 

The Environmental Protection Agency (EPA) began to collect RKI data in 
the early 1970s and then abandoned the project. In 1979, the Department of 
Natural Resources and Planning Information Center staff took over the task, 
which they completed in 198 I. Large-scale topographic maps (I :24,000 where 
possible, otherwise 1:62,500) were the primary sources of data on each drainage 
system. Digitizing of streams and ditches began at their downstream or outlet end 
and proceeded upstream. Recorded distances for each tributary begins at its 
confluence with the major stream. Rivers that flow out of Minnesota have their 
index value start at the border, with initial distance established by the USGS on 
their topographic maps. 

The River Kilometer Index differs from the CSA W numbering system in 
that a stream in the RKI file is measured for its entire length, not for individual 
reaches between confluences of tributaries. The RKI thus provides a direct 
estimate of the total length of a given stream, but it is not easy to determine the 
hierarchy of stream systems from RKI data alone. The system hierarchy in CSAW, 
on the other hand, is not a perfect data set either, because it defines size in 
relative terms (number of watersheds) rather than actual measurements of area. 
RKI data do not contain measurements of width or shape of stream channels; only 
the distance upstream along the center of the river is measured. 

In short, each of these five state files of hydrographic data has a distinct 
purpose and a narrow scope. Each file represents a considerable investment of 
effort in data gathering. Much of the information in these files was apparently 
derived independently from the same data source: large-scale topographic maps. 
Taken together, they provide a powerful illustration of precisely the kind of 
duplication of effort and file incompatibility that PIC and the DNR, in embarking 
on this GIS project, are trying to avoid in the future. Unfortunately, the problem 

· of data incompatibility is not limited to the state data files. 

The U.S. Geological Survey stream discharge and water quality data 

The U.S. Geological Survey, in cooperation with the Minnesota Department 
of Natural Resources, Department of Transportation, Pollution Control Agency, 
and a number of local and regional agencies, collects a wide variety of water
resources data, including: 

- stage, discharge, and water quality of streams; 
- level, content, and water quality of lakes and reservoirs; and 
- water level and quality of wells and springs in Minnesota. 

For example, in the 1983 water year (defined as the period from October, 
1982, through September, 1983), these agencies collected daily measurements at 72 
stream gauging stations and 11 lake and reservoir stations. Monthly records of 
water quality came from 25 stream stations and 238 observation wells. Partial 
records were obtained from an additional 16 stream stations, a lake station, and 
107 wells. Most of these data are published, in two volumes under the general title, 
Water Resources Data for Minnesota, as part of the annual USGS Water-Data 
Report. 

Each stream gauge has a unique 8-digit number, which consists of a two
digit major watershed code (based on a national system of 21 basins) and a six
digit order designation (e.g. 05331000 identifies the Mississippi River at St. Paul). 
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The ordering of USGS stream data is in a downstream direction, which is opposite 
to the upstream CSAW and RKI systems. USGS gauge numbers are not consecutive; 
gaps in the sequence allow for the addition of measurement stations as needed. 
Most streams in Minnesota, with the exception of major rivers such as the 
Minnesota, Red River of the North, and the Mississippi, have at most one gauge 
site. Their watersheds correspond loosely with the 81 major watersheds defined by 
the USGS with the state. 

Wells are identified by a 15-digit code, with the first 13 digits identifying 
the nearest degree, minute, and second of longitude and latitude, and the last two 
digits reserved to denote a given well within that area. Each well is also located to 
the nearest 10-acre parcel with the Public Land Survey system (see S. Beach, 
chapter 14 in this volume). 

Stream discharge records currently exist in digital form for most gauges in 
the state. These files contain daily discharge measurements ordered by sequential 
gauge identification numbers. Although this data file represents a wealth of 
information, the record has several features that limit its compatibility with state 
data. The primary difficulty is the location of gauge sites, which usually are at 
bridge crossings and other places that are conveniently accessible (as well as 
politically and economically feasible at the time of establishment). As a result, 
USGS stream gauges are seldom located at the stream confluences that delimit CSAW 
and MLMIS40 watersheds. It is not a trivial task, therefore, to relate the USGS 
information with state hydrologic data sets. 

In addition to these locational problems, the USGS stream gauge network 
has a record that is difficult to use in historical or comparative studies. The 
majority of the USGS gauges were established within the last ten to fifteen years. 
Several of the older gauges have periods of time (varying in duration from months 
to years) with no data. The interruptions have a variety of causes, including flood 
damage, economic cutbacks, or vandalism. A few gauges have records that reflect 
changes in the size of the contributing basin, a result of the gauge being moved to 
a new location. All in all, the data from the USGS record could benefit from 
stability in station location and observation frequency; the record would also be 
much more useful if the state designation of "watershed" could be reconciled with 
the actual areas that contribute flow to the stream at each gauging station. 

CONCLUSIONS AND RECOMMENDATIONS 

Our review of existing hydrographic data has revealed some serious 
problems that must be addressed if we are to meet the stated purpose of this 
project -- to provide data for a water resources information system. Our 
conclusions, based on the issues discussed earlier in this chapter, include the 
following: 

1) All stream, lake, and watershed boundary information should be 
consolidated into a single file system. Currently, drainage 
system data are stored in several incompatible files of differing 
scales and formats, including 40-acre EPPL grid files, point-data 
files, and digitized Arc/Info vector files. One obvious result is 
unnecessary expenditure of time and money to extract available 
hydrographic data for a single geographic area, such as a county 
or watershed. Desirable features of the consolidated file include 
a common UTM coordinate system, comparable spatial resolution, 
and uniform stream numbering system. 
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2) A metric-based coordinate system such as UTM would be a good 
base for digitizing watershed boundaries from up-to-date 
topographic maps. Grid-based EPPL files have too coarse a 
resolution for easy conversion to vector format. The River 
Kilometer Index files, our only digitized form of stream data, 
should be translated into the UTM system, so that the grid-based 
data on surrounding terrain, soil, and land cover can be related 
to the appropriate stream segment for analysis. 

3) The State should embark on a program of systematic field 
measurement of stream channel dimensions, slope, and roughness 
at key sample points. The virtual absence of drainage channel 
data is one of the major impediments to advanced hydrologic 
analyses in Minnesota. Recording the UTM coordinates of all 
sample points could allow easy linkage of these data with the 
linear stream file and the grid-based water-resources GIS. 

4) The Common Stream and Watershed identification system should 
include watershed divisions at the locations of US Geological 
Survey stream gauging stations. If this were done, the water
resources GIS could serve as a source of environmental data on 
the precise area that contributes runoff to each USGS gauge. 
Conversely, noting the UTM coordinates of the gauging stations 
would allow us to incorporate stream discharge records from the 
USGS into the State GIS. 

5) The users of a water-resources GIS should pay special attention to 
the method of displaying drainage information from the GIS. 
Stream alignments are vector data, and therefore they require a 
different form of output than the grid-based collection of point 
samples that characterizes the other data files in a water
resources GIS. Displaying hydrographic data in grid form can 
mask the connectivity of the drainage system and compress the 
distance estimates needed for hydrologic simulation. Overlaying 
the results of two separate mapping operations is technically 
feasible but operationally more difficult than it should be for 
the typical user of the system. Creation of a "shell program" to 
merge these maps for output should be a high priority task. 
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