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"
B e R —

"TABLE 9: OCCURRENCE OF LAND-COVER TYPES IN THE ELM CREEK AND
- VERMILLION RIVER BASINS AFTER SIMULATED URBAN GROWTH:
CONVERSION OF ALL AGRICULTURAL LAND
TO DEVELOPMENTS OF LOW BUILDING DENSITY

R
5

- are -

Land Cover Category Percentage of Basin Area
Elm Creek Vermillion River
June August June August
21 Extractive (gravel pits, dirt roads) 1 1 1 1
30 Surface Water 2 3 2 3
41 Forested 3 7 6 8
42 Grasslands 1 5 1 3
50 Wetlands 11 9 16 9

61 Cover Crop - = - :

63 Row Crop - - - -
71 Commercial/Industrial Bldg. Density 2 2 1 2
72 High Building Density 4 3 3 3
73 Medium Building Density 5 4 5 4
74 Low Building Density 70 67 66 68

75 Very Low Building Density - - = .
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"LOW-BUILDING-DENSITY" LAND
IN SIMULATED "URBAN" ELM CREEK
AND VERMILLION RIVER BASINS

(a) June 2, 1986

Elm Creek

(b) August 21, 1986

Percentage of
square-kilometer
data cell

0

Vermillion
River

DEPT. OF GEOGRAPHY, UNIV. OF MINNESOTA

(a) June 2, 1986

(b) August 21, 1986

FIGURE 16
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SIMULATED RUNOFF FOR THE "URBAN" ELM CREEK BASIN:

JUNE 2, 1986

For this simulation, we

used the SCS Curve Number

Method and a modified land cover

classification that "urbanized" the

Elm Creek basin by converting all

land in an agricultural category to

"low-building-density" land cover.

S35 R

(a) 1-inch rain

(b) 2-inch rain

(c) 3-inch rain

- Runoff as percent of rainfall
for each square-kilometer data cell

4 km.

(d) 4-inch rain

DEPT. OF GEOGRAPHY, UNIV. OF MINNESOTA

FIGURE 17
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materials; almost all urban runoff will find its way to a stream, lake, or other
water body. Baseflow (constant, year-round flow in a channel) is minimal or does
not exist in an urban sewer system, largely as a result of the impervious nature of
these channels.

Country ditches, on the other hand, are open, earth-lined structures, with
high infiltration rates through their bottom and sides. Most of the runoff in rural
areas has plenty of time to evaporate or infiltrate before it reaches a stream
channel. The "connectivity” of the drainage system (how often the various ditches
and stream channels come together to form a network) is also less efficient in the
rural areas than in most urban areas. Each channel in the rural environment must
drain a larger area, and thus it will take longer for runoff to arrive from the
farthest edges of the drainage basin.

The curve numbers presented in Table 8 for developed areas are also a bit
misleading. Although they assume particular amounts of impervious ("paved")
surface and open land (some form of grass) for each level of development, they do
not describe specific patterns of drainage within each lot for that density of built-
up land. A paved surface (or a building) may be directly connected to a drainage
system (and therefore generate direct surface runoff), or the surface may
contribute water to a neighboring pervious area (and thus provide water for
infiltration). To simulate these differences in an urban environment requires
additional information, collected from field observations, from a third or fourth-
level of land-cover classification. This data could also be stored in a separate GIS
file of sewer networks. The GIS can then be used, possibly through the use of an
expert-system, to modify curve numbers to reflect these differences in direct
contribution to the urban drainage system.

SUMMARY

This report has presented a number of issues with regard to the
development of data sets in a GIS for water resource simulation. In particular, we
have:

- focused on the use of coarse cells (one square kilometer or larger) as
an appropriate resolution in a regional-scale GIS,

- discussed the need for a point-counting (inventory) approach in
coding data for a GIS,

illustrated how relational land cover and soils data can be used to
estimate runoff through the SCS curve number approach,

demonstrated simulation as a viable tool to identify hydrologic
effects of urban growth,

identified the importance of time (such as season in the year) in
data collection of critical variables like land cover, and

realized the need for additional relational data (such as channel
characteristics and routing coefficients) to explain temporal
patterns of runoff.

Two medium-sized watersheds on the fringe of the growing Twin Cities
Metropolitan Area served as a "test-bed" for new data file structures. Elm Creek
and Vermillion River watersheds (of Hennepin and Dakota Counties respectively)
were appropriate for the task. The purpose of this particular report was not to
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efine file structures (that has been left to our companion report, Brown and
€ smehl 1987), but illustrate their usefulness in an urbanizing area.

Three major conclusions can be drawn from this study:

(1) useful hydrologic analysis is possible with a simple GIS and
simulation method,

(2) environmental data should be coded by the point-counting method,
and

(3) relational data sets are a must.

quare-kilometer cells were sufficient for analysis of surface runoff in the Elm
eek and Vermillion River basins. Our choice of kilometer resolution is a
mpromise between the need for detail (in identifying the variety of land-cover
and soils in a basin) and simplicity (in data collection and runoff
Iculations). Runoff calculated and mapped as a percentage of rainfall provides
¢ magnitude and direction of runoff response from changes in land cover.
atershed studies cannot be any more accurate without the costly and time-
nsuming collection of field observations.

The point-counting method is necessary with the SCS curve-number
sproach -- too many different cover-soil combinations exist in a square kilometer
‘derive a single dominant combination. The job cannot be done without
ational land cover and soil data. The two needs go hand-in-hand. The SCS
off approach provides plenty of useful information for policy decisions. Its
aplicity, however, must be handled with care. Do not put blind trust in its results
your data. Simulation results cannot be displayed any more accurately than the
5t detailed input data. If more detail is required, field observations are
sessary to acquire more accurate data.

Al
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APPENDIX

CREATING A POINT-COUNT INVENTORY IN EPPL7

Kevin L. Anderson

Introduction

EPPL (Environmental Planning Programming Language), developed by the
Minnesota State Planning Agency’s Planning Information Center (PIC), comes in
two versions: EPPL6, the "big brother" program on the Prime computer, and
EPPL7, the "junior" version for 16-bit microprocessors. Neither version currently
implements point-counting or other cell-based inventory logic as a normal option.
Inventories in a GIS are files that record the proportional occurrence of
phenomena in an area (point-counting approach) as opposed to assigning a single
category to each area (area-tagging approach). EPPL, like most GIS packages on
the market, follow the traditional approach of tagging each area with a single
category for each variable (P. Gersmehl, Brown, and Anderson 1987). i

Inventories are possible in EPPL. They can be created with just a few
simple commands. What follows is an outline of the sequence of commands that 3
can be used to implement a point-counting file structure in EPPL7. 1

File Structures

Understanding how an inventory is developed in EPPL7 requires some
background on the file structure of the current package. The EPPL programs use a
flat file structure for their GIS. A flat file, like spreadsheets and other two-
dimensional objects including maps, have no depth to them. A variable in the GIS
(which is functionally equivalent to a single-theme printed map), has all of its
information stored in one layer of a file. Each cell, polygon, or unit area in the
GIS has only a single record in the file, which describes it in terms of the category
in which it appears to "belong" (i.e. the category that occupies the most area or
"dominates" the cell in some other way). Thus, a land-use file might consist of a
mass of letters to designate the dominate land use in each cell (e.g. "cultivated",
"forested", etc.).

Inventories, on the other hand, record the proportional importance of every
category in each cell of the GIS. This approach normally requires a file structure
with multiple layers (or "depth"), one layer for each possible category of the
variable. Each layer contains the occurrence, in percent, of that category in each
data cell. The percentage values are calculated on the basis of either the total area
of the cell (if the areal extent of each category was measured) or the total number
of sample points in the cell (if a point-counting technique was used to analyze the
phenomena).

In a flat-file system such as EPPL, several files must be used in concert to
represent a full inventory of a single variable. As many files must exist as there
are categories in the variable (e.g. nine categories is the "universe" for the state-
wide land use data). The number of categories in a file may not be the same,
however, as the highest number assigned to a category. For example, the land-
cover classification in Table A-1 has 14 categories, with the highest category
labeled as 75; the land-cover inventory will have 14 files, one for each category.
On PC-DOS/MS-DOS computers, such as the IBM AT, EPPL7 has been implemented
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include the possibility of up to 256 different categories for any single variable.
1 the Prime Computer, up to 32,000 or more categories are possible with EPPL6.
most cases, however, (with the possible exception of elevation data) very few
tegories are actually needed for a variable.

TABLE A-1: LAND-COVER CATEGORIES
USED IN THE EXAMPLE INVENTORY

10 Hard Surface, Undifferentiated 61 Cover Crop

62 Small Grains
21 Gravel pits, Extractive 63 Row Crops
30 Surface Water, Undifferentiated 71 Commercial/Industrial
72 High Building Density
41 Forested, Woods, Trees 73 Medium Building Density
42 Grasslands 74 Low Building Density

75 Very Low Building Density
50 Wetlands, Undifferentiated

~ The only real limitation to implementing an inventory system with EPPL7 is
'C-DOS/MS-DOS file-naming restrictions. DOS allows only eight (8) characters
ch file name. In an inventory system, one or two characters must be set
o represent the category number stored in this file. That leaves only six
cant characters to describe the variable itself (e.g. PINELUOI to represent
'y 1 of the Pine County land-use file). Three or four letters may be
ent for Minnesota county names, but how are we going to handle townships
it es? Creative use of DOS sub-directories (similar to how it is currently done
L Prime) could alleviate some of this problem (at the expense of further
'ting the logical structure of the hard disk), but it certainly won’t solve it
rely. All files for a particular inventory would then be assigned their own
§ sub-directory (e.g. \MLMIS40\PINE\LUSE).

B
L7 Command Sequence

~ Inventories can be created in EPPL7 (and EPPL6 for that matter) following
‘basic steps. Each step, however, requires execution of several functions. Five
PL7 commands are used repeatedly in these steps: reclass, rescale, jumping
ow, evaluate, and quit. The example that follows contains sample output from
L7, plus typical responses to requests for parameters. I do not intend to
each command in detail; that is the function of the EPPL7 user’s manual,
d by the Planning Information Center, Minnesota State Planning Agency. I
nly to provide the basic sequence of commands that can be adapted by
r their particular needs. All user responses are underlined, and <cr> means
,\carriagc-return key for a blank response (empty line).

:{,Btep One: Prepare the Inventory Base File

" An inventory base file is a file that records, for each data cell, the number
vation points or areas that are used to calculate the point-count inventory.
y variable in a given study area has a base file. The base file is created at the
n of the final inventory, not that of the original data inventory. For
, consider a point-counting inventory with an output resolution of one
neter and an input of 100 data points in each kilometer. The base file will
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have one kilometer-sized cell for every 100 cells in the input-data file. These 100
data cells are arranged in a 10 by 10 matrix.

The base file maintains a count of all non-offsite values in each cell. The
reclass command is used to create a temporary version of the input-data file with
all offsite cells recoded to 0 and other categories set to 1. The jumping window is
then used to count those samples that are valid data. The rescale command is used
after the count to reduce the cell resolution to inventory scale.

In the example that follows, we will create the base file ("eabase") from the
land-cover data ("ealcov") for the Elm Creek basin in August. The land-cover file
contains 100 samples (arranged 10 by 10) for an inventory at kilometer resolution.
The align and mosaic commands have been previously used to align the UTM
coordinates of the upper-left corner of the GIS land-cover file (cell 1,1) with a
kilometer boundary (e.g. 445,000 meters east, 5,018,000 meters north).

EPPL7, beta release
Copyright (C) - September, 1986
Minnesota State Planning Agency

Command: reclass

Number of input files: 1

Old file: ealcov

New file: temp0Q

Description: *

Enter one reclass statement per line. Use empty line to end.

* 0=0255
* 1 =1:254
* <cr>

Beginning reclass...

Command: jumping

Old file: temp0

New file: templ
Description: *

Horizontal window size: 10
Vertical window size: 10
Option: 1

Scale factor for result: 1

Command: rescale

Old file: templ

File has dimensions: 411 rows & 351 columns

Enter resampling option, N)earestneighbor or B)ilinear: n
Column(x) scale factor: 0.1

Row(y) scale factor: 0.1

Output has dimensions of 41 rows & 35 columns

New file: eabase

Description: Elm August B ample Siz
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Step Two: Derive Inventory for the First Category

Counting the occurrences of a single category in a specified area requires
iree EPPL7 commands. We use the evaluate command to highlight each data point
oded as that category. These points are set to 1 while points in all other
itegories are set to 0. The jumping window command counts the occurrence
ithin the kilometer cell (or some other resolution used in the inventory) and the
escale command reduces the count to a single value through a change in scale. We
llculate the percent occurrence of the category with the evaluate command by
ing its count by the sample base. This occurrence is stored as a value from 0
100 in the inventory file for this category. (An offsite value of 255 is used for
sy identification during the mapping phase.) The file name and description
jould record the category name and/or number. (You may find, as I did very
jickly, that the 32 characters defined for an EPPL7 file description are not
ough to make an adequate record of what is stored in the file.)

_ In the example that follows, we will continue with the same data set for
hich the sample base file was just created. Values in this base file become the
visor in the calculation of percent occurrence. The category values whose
ventory is being created is category 30 ("surface water, undifferentiated").
jain, we have 100 data samples for each kilometer.

Command: evaluate

| Number of old files: 1

| O1d file: ealcov

Number of new files: 1

| New file 1

| Offsite value: 2355

| File name: tempQ

Description: *

- Enter evaluate statements. Use empty line to end.

if old1 = 30 then

|

<cr>

valuating.....
Command: jumping
| Old file: tempO

| New file: templ
Description: *
| Horizontal window size: 10
| Vertical window size: 10

| Option: |1

| Scale factor for result: 1

Command: rescale
Old file: templ
‘ile has dimensions: 411 rows & 351 columns
sampling option, N)earestneighbor or B)ilinear: n
n(x) scale factor: 0.1
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Row(y) scale factor: 0.1

Output has dimensions of 41 rows & 35 columns
New file: temp2

Description: *

Command: evaluate

Number of old files: 2

Old file: eabase

Old file: temp2

Number of new files: 1

New file 1

Offsite value: 2335

File name: ealcov30

Description: Elm August Water Cl

Enter evaluate statements. Use empty line to end.

* if 0ld2 = 0 then

. newl :=

* else

* newl := oldl

* end;

* if oldl > 0 and oldl < 255 and o0ld2 > 0 then
. newl := 0ld2 * 100 div oldl

* end;

* <cer>

Evaluating.....

Step Three: Derive Inventory for Remaining Categories

Repeat the second step as many times as there are categories in the variable.
Change the category number assigned to the keyword ’old1l’ in the evaluate
command in order to count the occurrence of the next category (e.g. replace
"if oldl = 30 then"  with "if oldl = 71 then" to count observations of
"commercial/industrial" property). Adjust the file name and description in the last
evaluate command (which calculates the percent importance) to reflect the category
just processed (e.g. replace "ealcov30" with "ealcov71" and "Elm August Water Class
30" with "Elm August Com/Ind Class 71").

Step Four: Quit EPPL and Erase Temporary Files

If all categories have been counted for the inventory, leave EPPL7 with the
quit command. A prompt will appear on the display signaling a succesful return to
the operating system. You should at this time erase the three temporary files
(TEMPO.EPP, TEMP1.EPP, and TEMP2.EPP) used by EPPL to create the inventory.

Command: gquit <cr>
exiting ....

C:\SCRATCH> erase temp?.epp
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