TELUM Case Study — Des Moines, lowa

TELUM Land Use Model Case Study - Des Moines, lowa

1. Introduction

A small sample dataset was used to develop the TELUM Tutorial given in Chapter 3 of this TELUM
User Manual. A new user of TELUM can follow through the Tutorial and learn how the system works;
using the small dataset provided with the tutorial the user can also test various aspects of TELUM's
modeling application. This document presents an abbreviated description of an actual “case study”
using TELUM. The case study is based on a project that was initially done by Adam Noelting at the
Des Moines Area MPO, and we owe him our thanks for providing the data for the case study
analysis. By following the discussion of the model development and analysis provided in this
document, the TELUM user can see how an actual MPO dataset was used to proceed through the
steps of a model implementation and illustrative scenario testing. It is important to note that these
scenarios do not represent official policies of the Des Moines Area MPO, rather they are simple, but
we hope realistic, exercises which will serve to show the reader some of the possibilities for the use
of TELUM.

2. Data Preparation for the Des Moines region

Located in south central lowa, the Des Moines area is what most people would consider to be a
small-to-medium sized MPO, with a year 2000 population of about 394,000 people. The study
region selected for the case study covered about 286,000 acres (a bit less than 450 square miles).
For the analysis purposes the study region was divided into 103 small areas, or zones.

TELUM guidance recommends users to classify households into 4 to 8 household categories,
depending upon data availability and reliability. As recommended, the households were grouped
into four categories equivalent to income quartiles. These categories do not have to be exactly equal
in numbers of households, but they shouldn’t result in grossly disproportionate numbers of
households either.

The employment was grouped into eight categories based upon the old SIC codes. The data were
prepared and entered into TELUM according to the guidelines given in the manual. On completion
of the data entry, the report shown in Figure 1 was prepared by TELUM, and printed for the user.

On completion of the IDEU step, the next tasks involved input of the zone specific data which
describe the region. This takes place in the DATAPREP section of TELUM. Once the zonal data are
entered in the DATAPREP spreadsheet we can have a quick review of some of the regional totals.
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TELUM Case Study — Des Moines, lowa

E3 TELUM [_ O[]
Inmitial Data Entry Unit Report

Name of the Region ‘ LSS | Number of Zones \
Estimated Total Population EER L Current Year A Lag Year

Employment Data Available

Current Year @ byType O byTotal O None

Lag Year @ by Type O by Total O None
Number of Employment Employment Categories |28 F
Categories C G

D H

Household Data Available £ ‘

Current Year @ by Type O by Total O None

Lag Year @ by Type O by Total O None
Number of Household III Household Categories NII
Categories HpT

HI
Total Land Area of the 285900
Region
Land Use Data Available for Your Project
Usable Unusable Basic Commercial Residential Sl st
Highway Developable Land

Forecast Time Periods |I|
Empl-to-HH Conversion @ PUMS Ratio O Detault Ratio
Empl per HH by Income @® Empl per HH Ratio O Default Ratio
Unemployment Rate ® UR Ratio O Default Ratio

Net Commutation Rate @ NCR Ratio O Default Ratio
Regional Jobs Per Employee & RJPE Ratio III O Default Ratio
PRINT
P4.40 SCREEN

Figure 1. IDEU Report screen for Des Moines case study

The employment was divided into 8 categories:

1. Agriculture, Forestry, and Fishing, and Mining — AB 2,128
2. Construction - C 13,029
3. Manufacturing - D 19,033
4. Transportation, Commercial, Utilities — E 13,844
5. Wholesale Trade — F 18,553
6. Retail Trade -G 45,243
7. Finance, Insurance, Real Estate — H 41,441
8. Services, Pub. Administration — 1) 94,146

RTATION Ec,
ORIATO" Scoy,

h)))

TRANSPORTATION, ECONOMIC AND LAND US )




TELUM Case Study — Des Moines, lowa

As can be readily seen, there is considerable disparity in the sizes, i.e. the numbers of employees, in
each category. If it were possible to do so, it would probably result in better forecasting results, if the
I] category was split so that some of its employees were moved to another category, and if, perhaps,
the AB category was combined with other categories to eliminate that rather small group. Of course,
the goal of this exercise would be to define groups that are more homogeneous in the location
characteristics of the employees, which might or might not be achieved by re-aggregation of the
categories. It would be easy enough to construct some alternate data sets and run several different
TELUM project installations to test them.

Continuing in this vein, the households were divided into four groups, as per:

1. Low Income — LI 45,724
2. Low Middle Income — LMI 53,840
3. Upper Middle Income — UMI 46,187
4. Upper Income - Ul 10,360

Here again, there is considerable size disparity between the Ul category and the other three
household categories. This should probably be remedied in any future modeling with this data.
Either the three lower categories should be revised to put more households in the highest category,
or the categories should be revised altogether, by creating perhaps 6 income groups of more even
sizes, e.g. about 25,000 households each. Even so, these disparities are not fatal problems, and on
the completion of the DATAPREP portion of TELUM a series of checks is performed which are to
inform the user of any potential data problems before proceeding into further modeling work. These
checks are initiated by the user who is asked to press a Data Check button at the completion of the
data entry work. Several reports are prepared, and the first of these reports for the case study dataset
is shown in Figure 2.

Here TELUM is checking on possible data problems with, say, current or lagged employment having
been calculated by a simple multiple one of the other. Let’s assume, for example, that the lagged
employment had been produced simply by scaling the current employment up or down. Then, the
correlation between current and lag employment would show up as too high. This would cause
statistical problems in the model calibrations to be done in the next section of TELUM. The agency
would need to invest more time, resources, and effort in obtaining better lagged employment data.
If this wasn’t done, then the model would calibrate to current employment (and later to projected
employment) just being a simple extrapolation of lagged employment (i.e. employment in the
previous time period). If, on the other hand, there was very little correlation between current and
lagged employment data, then the agency should be concerned that the two data sources were
inconsistent, because there should be some moderate correlation between the two, as employment
doesn’t just jump around a region with no regard for prior employment patterns.
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TELUM M= 3

Data Consistency Final Report

ﬂORRELATIONS \

Correlation is a statistical tool used to assess the strength of relation between
different pairs of DOPU varnables.
Variables Expected Value Computation
Range From DOPU
Total Current vs. Total Lag Households 0.70 - 0.95 | 0952
Total Current vs. Total Lag Employment 0.70 - 0.95 I 0975
Total Current Households vs. Employment 0.30-0.70 [ 0.105
Total Current Households vs. Population 0.90 - 0.99 [ 0983
Comments for Computations Appearing in Red
Total Current vs. Total Lag Employment: See High Correlation No Correlation
Total Current Households vs. Employment: See Low Correlation. .
Low Correlation
High Correlation

4 SCREEN
P4.30 :

Figure 2. DOPU Data Consistency Report — correlations between total current and
lag year households and employment in Des Moines dataset

The correlation between total current households and employment should not be too high either. It
is quite possible that there will be relatively low correlation between the numbers of households
residing in a zone, and the number of employees working there, but in general the correlation
should not be very high.

Subsequent Data Check report provides analysis of correlations between the individual employment
types. However, the actual problem checking is done only for the current versus lagged
employment of each type. Again, it is a matter of checking for what may be simple scaling of data in
order to fill in for missing real data. This is followed by a report on what are called “Regional Ratios”.
Here, in particular, the regional Population per Household and Population per Employee are checked
for consistency. TELUM doesn’t expect to find a regional rate of population per household to exceed
3.00, or a regional rate of population per employee to be greater than 2.00. Note that these are
regional ratios, not values which might show up for individual zones in the region.
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The final of this series of built-in checks is about regional growth or decline, and a land use
consistency check (Figure 3). Here the system looks at the change from the lag to the current year
for inconsistencies. The user is asked to think about the rates of change implicit in the data which
they have input to the system. Again, the purpose is to try to catch problems early in the project,
rather than discovering them after the final forecasts have been released to the local news media.

TELUM =]

Data Consistency Final Report

PERCENTAGE CHANGE \
The percent change observed for DOPU variables between two time periods.

Given the short span between time periods, we do not expect dramatic changes between variables.
Computation From DOPU

Regional Percentage Change in Households, Lag to Current Total Households | 26 %4
Regional Percentage Change in Employment Lag to Current Total Employment | 53 04

Regional Percentage Change in Population, Current to Forecast Year | 20 %
Regijonal Percentage Change in Employment, Current to Forecast Year | 59 %
Comments for Computations Appearing in Red Type Additional Comments

LAND USE CHECK

Here we are comparing the Total Land value you entered for your region in IDEU
against the Total Land calculated from your DOPU data. Zero indicates there is no I“
difference between the two values.

PRINT Page 4 of 4
SCREEN

Figure 3. DOPU Data Consistency Report — percentage change between households/
population and employment in current and lag/forecast year for Des Moines dataset

P4.30.2

Following these checks on the data, a further set of checks is done on the mapping (GIS)
component of the project. In particular, it sometimes happens that inconsistencies between the
indexing system of the tabular data and the map shapefiles cause erroneous display of data on the
map. These checks, performed in TELUM’s MAPIT module, are designed to catch such errors if they
exist. One example is to simply check to see that the map ID values match the zone ID values. This is
done by mapping what the data file indicates is the zone with the largest geographical area and
then to have the user look at the map to see if this is correct. The screenshot of the mapping data
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TELUM Case Study — Des Moines, lowa

consistency check the for Des Moines case study dataset is presented in Figure 4. Similar consistency
check options are provide for the zone with the maximum numbers of employees in the region and
the zone with the maximum number of households in the region. In each case, the zone is
highlighted on a map of the region’s zones, and the user is asked to check (confirm) if the zone is
correctly mapped.

& MapIt =] B3

J Check Zones =

J File Edit Yiew Insert Selection Tools ‘Window Help

x [
B £F Layers

Sl Zone With The Largest Total Area

|

Dizplay LI
Source I Selection I afn| & "LI | _'I

[1667473.16 555528.579 Fest [5.74 2.77 Inches y

Figure 4. Mapping - data consistency check screen for Des Moines case study data
and GIS layer

Upon completion of these checks, the user proceeds to the last major data component of the
TELUM system where the travel times, costs, or composite measures are inputted to the system. This
is done in the section called Travel Impedance Preparation Unit (TIPU). Every land use model must
make use of data which describe the difficulty of physical zone-to-zone interaction. The customary
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variables used for this purpose are highway travel times or costs, or composites of time and cost,
and in some more complex forms, composites of times, costs, and multiple travel modes such as
highway and transit. We refer to these measures in TELUM as impedances. All MPO’s make use of
some form of travel demand models that produce these variables for the underlying transportation
network. They are usually reported as matrices or tables listing impedances between each pair of
zones in the analysis region (e.g. for a region with 100 zones the table would have 100x100=10,000
impedance values).

There are, however, several different proprietary software packages in regular use for this purpose. In
addition, many agencies have their own customized versions of one of these software packages, or
an entirely original travel demand modeling package of local creation. Because of this variety of
tools used to produce these measures of zonal transportation interactions, it isn’t possible to assume
that a specific one or few file formats will be the ones available in any particular agency.

In order to deal with this situation, TELUM requires its transportation network data to be input in a
most simple format. This format is not the most efficient in terms of data storage, but it is one which
can be created by every transportation software package or by a spreadsheet or database program
utility linked to the transportation package. The format for these files is discussed in the TIPU section
of the TELUM Manual, and is also illustrated in the Tutorial chapter of the Manual. Basically, the
matrices of zone-to-zone impedances are converted to a simple list which begins with the
impedance value for zone 1 to zone 1, and proceeds across the matrix row with zone 1 to zone 2,
etc. reaching zone 1 to zone n (n is the total number of zones in the data set). The list continues
with zone 2 to zone 1, zone 2 to zone 2, and so on to zone 2 to zone n. Again, the list continues
with zone 3 to zone 1 and so on, until all rows of the matrix have been input in the list form.

TIPU is designed to both provide a means for entering the impedance data, and to do several simple
checks on that data to ensure that it is correct and that input file is the one that was intended. In
particular, from the modeling experience it was learned that in the commotion of preparing
forecasts and/or regional policy analyses, it is possible that the wrong impedance matrix might wind
up being accidentally input to the system. One way to help reduce the likelihood of this error is to
ask the user to input some simple numerical checks which can be used by TELUM to confirm that
the correct impedance matrix is being used. As such, some specific numerical values are input by the
user. Afterwards, TELUM produces a preliminary Impedance Report that looks similar to the one
shown in Figure 5.
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TELUM =]

Travel Impedances

/ Impedance Report \

This 1s the data you just entered.

Plecase print this for future reference.
Average Zone-to-Zone Impedance 16
Smallest Zone-to-Zone Impedance 1

Largest Zone-to-Zone Impedance 41
Top 4x4 of Impedance Table  Bottom 4x4 of Impedance Table
5 11 15 19 2 4 5 16
11 4 9 10 4 1 4 14
15 g 2 g 5 4 2 14

\1 9 10 9 3 16 14 14 2 /
PRINT
SCREEN

Figure 5. Preliminary impedance report screen (summarizing user input statistics) for
the Des Moines case study impedances

P5.30.8

Once these values are entered TIPU checks for the availability of the actual impedance file and if it is
present it attempts to read it. If it is not present or if it is misnamed TELUM warns the user to repair
the problem. If it is able to read the file, TIPU compares the user input statistics to the same statistics
as computed from the impedance file it just read. If they match, TIPU proceeds to further checking.
If not, it alerts the user to the problem. On completion, a report is printed which can be compared
to the initial inputs. In addition, a frequency distribution of the actual impedance values is displayed,
as this is a simple way of assessing the sensibility or reasonableness of the overall impedance matrix
(Figure 6). The user should be sure to examine these reports before moving on to further work, as
unreasonable impedances will result in the entire analysis having to be redone.
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TELUM =]

Frequency Distribution of Impedances
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SCREEN
PB.32A

Figure 6. Frequency distribution of impedances for Des Moines region dataset

3. Model Calibration for the Des Moines region

After completing the data input and verification (data checks) required for the modeling project, the
next step is to conduct statistical calculations which will fit the model to the region’s data. This step
is called calibration. In TELUM the calibration phase begins with checking the availability of
necessary data files (Figure 7).
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TELUM =]

Model Calibration Preparation Unit

- D

File Check was Successful!

You may Continue to the Calibration section.

. @ |

Figure 7. The calibration file check report screen (after TELUM confirmed that all
necessary files are located)

Once it has been determined that all necessary files are in place, the user is asked to start the
calibration process. In calibration each locator type, that is, each employment type and each
household type, is calibrated separately. TELUM performs model calibration without user
intervention, and it is done in a sequence of individual statistical analyses for each locator type. This
analysis is accomplished by a method known as nonlinear multiple regression, using a sophisticated
search technique. When completed, a set of summary reports are made available to the user. They
begin with a simple summary such as the report presented in Figure 8.
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TELUM =]

Analysis of Results for Employment

/ Employment Summary Report \

Based on your data the following categories do not have a
systematic pattern of location. Therefore, their future
location cannot be reliably forecasted.

These categories do have a systematic pattern of location and
their future location can be reliably forecasted.

AB ¢ D E F G H I

If you wish to see additional statistical data, please click on
the REPORT button below.

N y
= | <=n )|

Figure 8. Calibration summary — employment summary report screen for the Des
Moines case study model

P6.43

Following the summary, progressively more detailed reports are available to the user: the report
shown in Figure 9 summarizes how well the employment model fits the Des Moines region’s
employment data. The Goodness-of-Fit results are presented in terms of a measure called the
Best/Worst Likelihood Ratio, which is equivalent to the more commonly seen R? (R-square), or
Coefficient of Determination, which measures the portion of variance accounted for by the model.
The results shown in Figure 9 indicate a very good fit of the model to the Des Moines employment
data, with the range being from 0.8648 to 0.9861.
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TELUM =]

Analysis of Results for Employment

/ Goodness-of-Fit of the model to the data for your region as \

measured by the
Best/ Worst Likelihood Ratio

AB C D E F G H I
0.8648 | 0.8967 | 0.9471 | 0.9418 | 0.9409 | 0.9267 | 0.9861 | 0.9468

PRINT @‘ Page 1 of s ‘gmm‘
SCREEN
P6.40

Figure 9. Goodness-of-fit summary for the employment model in the Des Moines
case study

Additional reports are also available, as calibration is one of the most important steps in the
modeling process and the user should be sure that it was done correctly. One such report, on

elasticities, informs the user as to the relative importance of each of the variables in the model
(Figure 10).
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TELUM =]

Analysis of Results for Employment

Relative importance of individual attractiveness variables in \
determining employment location in your region, as measured by
Employment Location Elasticities

Empl t Cat
Atiractiveness oploymett Lategory

Variable AB C D E F o] H I
Travel Impedance || -1.2616 | -0.4075 | -0.0016 | -0.0637 | 0.1145 | 0.2098 | 0.0148 | 0.1082

Employment 0.7543 | 0.8171 | 0.9061 | 0.9242 | 0.9956 | 0.9651 | 0.9982 | 0.9474

Totad Land 0.1714 | 0.0769 | 0.1688 | 0.0437 | 0.1287 | -0.0128 | 0.0004 | 0.0173

An Tlustrative Interpretation

For a 1% increase in the average cost of travelling to or from a specific zone,
there would be, on average, a decrease of -1.2616% in AB employment in that

\ Zone. /
PRINT Page 3 of 5 .
SCREEN

Figure 10. Calibration summary — employment location elasticity in Des Moines case
study model

P6.46

In addition to the numerical summaries, TELUM also provides the user with a graphical analysis of
how well the model estimates for each of the locator types, employment or households, fit the
observed data. These charts are of considerable value to the analyst, as they can be used to point
out which zones are not well described by the model equations, and which might bear further
examination for possible data anomalies. A chart for employment type D (Manufacturing) for the
Des Moines case study model is presented in Figure 11.
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TELUM =]

Analysis of Results for Employment

/ Observed vs. Estimated Employment Location \

Select Another Employment 1335.38
Category Plot +

R

1068.57 -

801.752

534.938 —t

*
263.124

FY *
o

*

Estimated Employment Location

1.3
238.833  476.667 4.5 952.333 119047 1428

\ Observed Employment Location /
PRINT Page 5 of 5
SCREEN

Figure 11. Calibration summary — observed vs. estimated employment location for
type D — manufacturing in Des Moines case study model

P8.61

Similar reports are available for the household calibration results as well (Figure 12).
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TELUM =]

Analysis of Results for Households

/ Observed vs. Estimated Household Location \

Select Another Household 1700.58
Category Plot c
bl - e +
R 136478 K3
§ o ?
- b Y
*
h-1
- 1028.97
= . -* .
% o
3 ey -
7] + o ¥
T 693168 s e -
£
Hi (i o
E + .|®
£ L
= 357.364 3 ‘§ e
i ¥ 2
LA IR
.56 @
[} 294.833 589.667 884.5 1M79.33 147447 1769

\ Observed Households Location /
PRINT Page 7 of 7
SCREEN

Figure 12. Calibration summary — observed vs. estimated household location for
type MI — middle income households in Des Moines case study model

P6.66

The calibration step concludes with the statistical analysis of land consumption, where the average
amount of land used by each of the categories of locating activities is calculated. Land consumption
calculation is performed by TELUM'’s procedure called LANCON. LANCON applies a multiple
regression analysis using macros in Microsoft Excel. Results of the LANCON analysis for the Des
Moines dataset are presented in figures 13 and 14.
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TELUM =]

Lancon Final Report

K Residential Land Consumption \

The overall goodness-of-fit of the model to your data was

67.17 %.

This indicates that the LANCON equation can account for
more than half of the zonal variation of change in this type of
land consumption, but falls short of being a good predictor of
it.

Please click on FULL REPORT to continue.
| FULL
K REPORT /
PRINT
& =

Figure 13. LANCON final summary report screen for residential land consumption in
Des Moines case study model

P8.12

Note that the land consumption calibrations almost always show the lowest levels of goodness-of-fit
of all the components of the model. This is due to several factors. First, it is very difficult to estimate
variations in land consumption by small areas within a region. Second, it is almost always impossible
for regional agencies to supply small area land use data for more than one time period. This means
that all such models must be built on a cross-sectional basis, thus, in effect, tying one hand behind
the modeler’s back before even starting. Even so, some portion of the variation can be estimated
and this, for the most part, is better than nothing. Perhaps in the near future, with the universal
adoption of GIS in agencies, multi-time period land use data will become available. It will still be
necessary to cope with differences in data classification and systematic differences in data gathering,
but it is possible that it will then become possible to improve the land consumption component of
the TELUM model.
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TELUM =]

Lancon Statistical Report

—
Residential Land \
Summary Output — Residential Land Consumption Consumption by Zone
Regression Statistics
Jiifiple R: 0.82
R Sguara: 0572 w
& 26052
Adjusted R Square: 0.651 g
Standard Brror 0.265 a 235151
Observations: g
SCFPRIONS. 103 W 209782
o 55 M3 F Siged F i
ANOYA f g?uﬁcance g 1.84413 ad
Re, : T g2 +
gression [ 13.524 [2304 | 3274 535821 EPp
FResidual - 9 6756 | [ 007 | i .
Total: 102 2058 = 133675 i
‘E * +
G 108306 g% *
Lower Uper 2 :;‘ | +
Cogff St Err Stat  Fvalue "y 9505 é 0.52937 e ns
Intercept. | 2203 046 4726 | [B17E-06| | 3116 || -1.289 7 057568 ’;,
InPerDev: | 0088 | [ 096 || 0451 | D528 | -0.478 | [ 0301 b 03215 T e,
LnPerBas. | -0034 0.07% -0.453 | |[D.651512) | 0.185 0.l16 - ;t + Y
InPerCom: | 014 0081 || -1.725 | [0.087708| | -0302 | | 0021 £ ooess
InPerll: -0.523 0.157 -3.338 | [0.001204| | -0.83534 0212 om 08331 16562 24793 33024 41255
InPerHI o0s2 || o0ss | [ 0812 | josarig] [0z | [ ols Observed Residential Land Per Employ
InALS: 0456 | [ 014z | [ 3219 | [poorrss| [ 0175 || o7ae

PRINT Pagel of 3
SCREEN

Figure 14. LANCON statistics report featuring a scatter-plot of observed versus
estimated residential land consumption in Des Moines case study model

P8.13

After completing all steps of the calibration process, TELUM system takes the user to the next phase
in the process: the actual forecasting of employment and household location in the region.

4. Forecasting for the Des Moines region

Four alternative model forecasts were performed using the provided data for the Des Moines Area
MPO:

B 2005-2030 Baseline Forecast using constant values of impedance for all time periods;

B 2005-2030 Policy #1 Forecast of the region with updated regional travel impedances for the
forecast years 2005, 2010, 2020 and 2030;
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B 2005-2030 Constraint Forecast with household and employment growth in outer ring
zones south and east of Des Moines being constrained;

B 2005-2030 Constraint Forecast with household and employment growth in outer ring
zones north and west of Des Moines being constrained.

a. Forecasting Baseline

After completing data entry (IDEU, DOPU, TIPU) and calibration (MCPU), we were ready to produce
a Baseline set of model forecasts for the Des Moines region by proceeding to the Model Forecast
Preparation Unit (MFCU). The MFCU begins a Baseline model forecast by asking the user to press a
File Check button. During a file-check procedure TELUM quickly scans its project folders to make
sure all the data inputs and files necessary for a successful model forecast are available. If TELUM
reports an unsatisfactory file check, it is likely that one or more of the steps in IDEU, DOPU, TIPU,
and/or MCPU are incomplete. In this case, a user would need to return to IDEU to review the initial
data inputs, as well as complete a walk through of DOPU, TIPU, and MCPU to ensure completion of
all the steps toward the model forecast.

Upon the return of a successful file-check, TELUM proceeds to the model forecast run, which the
system automatically names BL for Baseline forecast. Here, TELUM prompts the user to click the
“GO"” button to begin the BL model forecast for the forecast time periods 2005 through 2030.

On completion of the calculations, the results of the BL forecasts for defined time periods are first
presented in a report form, called Analysis of Results (Figure 15). TELUM generates this report for
each model forecast year. For Des Moines, six-model forecast reports were generated, one for each
5-year period starting with 2005 and ending with 2030. The user can review reports by selecting a
horizon year from the drop down menu.
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TELUM =]

Analysis of Forecast Spatial Patterns

/F orecast Time Periods 26005-2010 \

PERCENTAGE CHANGE Computation From MFCU
Regional Percentage Change in Total Households [ ezm4 %
Regional Percentage Change in Total Employment [ oz %
Regional Percentage Change in Population [ e %

Comments for Computations Appearing in Red Type

PERCENTAGE CHANGE IN LAND USE

Regional Percentage Change in Developed Land o1 10
Lt}
Regional Percentage Change in Vacant Land | e

Comiments for Computations Appearing in Red Type
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Figure 15. Analysis report for the 2010 horizon year forecast results in Des Moines
case study model
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TELUM calculates several descriptive statistics to measure growth or decline in a region, based on
the model outputs generated for each forecast year. We can see from the Des Moines MPO forecasts
that the regional population is expected to grow between forecast years 2005 and 2010 by over
seven percent, and both households and employment are predicted to increase by over nine
percent. Furthermore, the TELUM analysis shows that with this additional growth in the region,
vacant land in the region is expected to decrease by over 83 percent. While the first two seem
reasonable, the latter is most unlikely, and reflects the problems previously alluded to with respect to
forecasting land consumption. In practice, it would be necessary for the user(s) to review and revise
some of the land consumption forecasts. We found these trends continued through forecast year
2030.

MAPIT module provides a number of maps showing the results of TELUM model forecasts. User can
choose to map the following:

B Forecast values of employment and households (totals or by type);
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B Differences in employment and households (totals or by type) between two forecast years;

B Percent change in employment and households (totals or by type) between two forecast
years;

B Simple employment and household densities (totals or by type);
®  Weighted employment and household densities (totals or by type);

®  Density gradients.

With MAPIT, we were able to quickly determine where in the Des Moines region the model
predicted additional household and employment growth. The map in Figure 16 shows the
percentage change in household location between current year 2000 and forecast year 2030 for the
baseline (BL) scenario. Immediately, we see that the darker zones, expected to experience growth in
number of households, are larger zones located predominately in the outer ring of the region. Note
that some of the MAPIT maps will only show completely if they are printed in color.
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BL
Percent Change In Total Households 2000 To 2020

Percent Change
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Figure 16. Forecast map summary in MAPIT — percent change in total households
2000-2020 for the BL scenario.

Figures 17 and 18 show maps generated from the option <Map Simple Densities> for the BL
scenario and forecast years 2010 and 2020. The maps indicate the dispersion of zones with dense
household population from inside and around the core of the region to zones in the outer ring.
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BL Zonal Houshold Density
Total Households 2010
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Figure 17. Forecast map summary in MAPIT - forecasts of zonal household density
for total households in 2010 for the BL scenario.
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BL Zonal Houshold Density
Total Households 2020
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Figure 18. Forecast map summary in MAPIT — forecasts of zonal household density
for total households in 2020 for the BL scenario.

b. Policy Forecasts and Comparison with Baseline

The Des Moines MPO provided additional impedance datasets produced by its 2005 travel demand
model that could be used to run TELUM policy model forecasts. These updated impedance files for
2005, 2010, 2020, and 2030 reflect infrastructure investments planned for the region, particularly in
the southern and eastern zones. The Des Moines MPO reported in its 2030 Long Range
Transportation Plan that infrastructure improvements in the southeast would likely contribute to the
development of those zones, outpacing growth in other areas of the region. Using the updated
travel impedance files, we returned to the TELUM Model Forecasting Unit (MFCU) to run the first
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policy scenario analysis for the Des Moines region. The forecast runs for this scenario were labeled
1P.

Upon return to MFCU, TELUM recognized that a baseline forecast for the region was complete. In
these situations the system moves users to a forecasting screen where they need to specify if they
wish to repeat or review an old model forecast, or run a new model forecast. In our case study
project we selected <Run a new Model Forecast> to begin the 1P policy scenario forecast (as shown
in Figure 19).

TELUM IS [=] E3

Model Forecasting Unit

/ Forecasting
It looks like you have already completed at
least one Forecast.
What would you like to do next?

© Re-run a Model Forecast

« View prior Model Forecast Output

© Run a new Model Forecast

~ Exit Forecasting

When selecting rerun or run a new forecast, we recommend
that you do not exit the TELUM system until your new
forecast has completed successtully. If you are not prepared to

K complete your new forecast run, please exit the system. /

P7.8.1

Figure 19. MFCU screen that allows user to either go back and review or re-run prior
model forecasts, or perform a new (policy scenario) forecast run
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Unlike the baseline forecast to which TELUM assigned the name BL, TELUM requires the user to
assign names to all new scenario forecasts. The length of a scenario name is limited to three alpha
and/or numerical characters.

NOTE: Given that multiple forecasts runs are likely, we recommend users always enter a brief description
of the TELUM forecast in the box provided.

Once the name of the new model forecast is entered, TELUM asks a variety of questions pertaining
to the data that the user wants to change or add for the new model forecast. For 1P scenario
forecast we indicated that we would add Travel Impedances. Adding impedance files for forecast
years 2005, 2010, 2020 and 2030 is done the same way a user enters an impedance file in TIPU,
except we began by indicating there were four new impedance files and naming each one as per
TELUM instructions.

After each impedance file passed file check, TELUM proceeded to the Model Forecast screen. With

the 1P model forecast run completed, we were able to compare 1P regional model forecast outputs
to the baseline (BL) forecasts.

c. Analysis of 1P Model Forecasts

As we used the same regional growth forecasts for policy scenario 1P as for the baseline (BL)
forecast, the review of the 1P analysis reports confirmed that household and employment growth
for the Des Moines region would be at the same nine percent rate as in the BL forecasts. Looking at
the zonal percentage change in household location for scenario 1P between 2000 and 2030, we
found a map very similar to the corresponding BL map. Therefore, the infrastructure improvements
considered in scenario 1P overall appear to have little impact on the forecasted development
patterns in the region. Without analyzing the regional transportation system, we guessed that there
probably was little or no transportation capacity problems in this part of the region to begin with.
Thus, the transportation improvements resulted in rather little change in the transportation system’s
characteristics as perceived by the users. In other words, if there wasn’t much congestion in the BL
transportation system characteristics, then capacity improvements would not make much of a
reduction in the already minor congestion levels. From a modeling perspective, it is also important
to note that the transportation modeling process that produced impedances was conducted
independently of the land use modeling. This means that if there was any congestion induced by
the forecasts of employment and household locations, the transportation models would not have
reflected it. All the transportation forecasts, all the way out to 2030, were calculated prior to the
running of the employment and household location forecasts. Generally speaking, this is not the
best practice, and modeling should be done with a consideration of linking the transportation
forecasts and the location/land use forecasts.
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1P
Percent Change In Total Households 2000 To 2020

Percent Change
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Figure 20. Forecast map summary in MAPIT — percent change in total households
2000-2020 for policy scenario 1P

d. Constrained Policy Forecasts

The Des Moines MPO expressed some curiosity as to the possible effects of implementing a policy
that would increase development in and around the core of the region. The MPO divided the region
into 11 sub-areas. Sub-areas # 6, 7, 8, 9 and 10 make up the outer ring of the region in which the
MPO would prefer to limit growth in order to stimulate development in and around the core sub-
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areas of Des Moines. To follow this up, we did a simple model test run of such a policy. The map of
11 sub-areas defined in Des Moines MPO region is shown in Figure 21.

Figure 21. Map of Des Moines Zone Groupings by 11 Sub-areas (each sub-area is
labeled by number)

From the BL and 1P model forecasts, we could see that both households and employment were
attracted to zones located in the region’s outer ring. Therefore, to develop a policy to increase
development in the core and inner ring areas of the region we needed to limit location in the outer
ring zones. Two policies were developed to constrain total household and employment growth in
the outer ring zones using a Type |l Forecast Constraint:
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1. The first policy constrained total household and employment growth in sub-areas #7, 8, and
10, the southeast corner of the region. The corresponding model forecast was labeled 7CO,
which we used as an abbreviation of constraint run in sub-areas 7, 8 and 10.

2. The second policy constrained total households and employment for sub-areas #6 and #9,
the northwest corner of the region. The corresponding model forecast was labeled 6C9.

The Type Il Constraints were implemented using the <Run new model Forecast> option in the
TELUM MEFCU. Just as we had done for the first 1P policy forecast, we began this first constrained
model forecast by assigning the name to the scenario (7CO, and then 6C9 in the next scenario run).
This time we clicked <yes> to forecasting constraints and we selected a Type Il constraint, meaning
we would enter the total number of households and total employment per zone. In both forecasted
constraint policies, the total growth of households and employment in each constrained zone was
set to 10 percent per forecast year. It is important to mention here, that we calculated the ten
percent growth limit of the household and employment totals for each forecast time period using
our 2000 zonal totals. The calculations were completed in a separate Excel spreadsheet, printed,
and used as inputs for the constrained model policy runs.

Once the user specifies the type of constraint to be used in the model forecast, the system asks for
the forecast years that will be constrained, as well as whether there will be constraints placed on
employment and/or households, as shown in the screen presented in Figure 22.
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TELUM =]

Model Forecasting Unit

/ Select Constraints for Constraint Type 11 \

Year 2005 ¥ Employment Constraint v Household Constraint
Year 2010 v Ewmployment Constraint ~ Household Constraint
Year 2015 ¥ Employment Constraint ~ Household Constraint
Year 2020 v Employment Constraint ¥ Household Constraint
Year 2025 v Employment Constraint v Household Constraint
Year 2030 v Ewmployment Constraint ~ Household Constraint

N y
. e g

Figure 22. Constraint Type Il selection screen in TELUM MFCU

For this policy forecast, we constrained both households and employment for each forecast year,
2005 through 2030.

Each zonal constraint total is entered on a special TELUM MFCU screen shown in Figure 23. After all
constraints are entered into the MFCU, TELUM produces a “Constraint Summary”. This summary
allows the user to review or print constraint inputs. Once the constraints are entered, TELUM is
ready to run the new model forecast.
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& TELUM =

Model Forecasting Unit

/ 2005 Absolute Total Employee \

Constraint By Zone
Enter vour constraints in the table below.

20he walue =
12 123

13 73 COPY

1; ggg CONSTRAINTS
] &8 FROM

il 77 PRIOR YEAR

22 47
£l 672
33 E03
34 272
35 254
42 933
43 4755
44 394
B4 4866

N L
e 9 <z ) |

Figure 23. TELUM MFCU screen that allows users to enter zonal constraints for the
Type Il constrained model run (shown are absolute values of the maximum total
employment by zone for forecast year 2005 for scenario 7C0)

* (v

e. Analysis of Results from Constraint Policies

The forecast reports for policies 7C0 and 6C9 each showed the models predicted region-wide
household and employment patterns generally similar to the BL and 1P model forecasts. The
constraints did, however, produce the expected location changes.

Taking 7CO first, we could see a difference in the simple zonal densities of total households. In 2020,
regional zones with the dense household populations in the core and inner ring zones outnumber
the zones showing dense household population in the outer ring zones (Figure 24). Furthermore,
the zones in the southern and eastern sub-areas of the outer ring showed significantly lower
densities than were forecast in the BL and 1P runs.

ATATION Eg,
o ECoy,

Oy,
g‘ .:o

TRANSPORTATION, ECONOMIC AND LA )




TELUM Case Study — Des Moines, lowa

7C0 Zonal Houshold Density
Total Households 2020
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Figure 24. Forecast map summary in MAPIT - zonal total household densities in
forecast year 2020 for policy scenario 7C0O

When we compared total household growth between polices BL and 7C0, we could again see that
household location southeast of the core decreased. This is evidence that imposing constraints on
growth in these zones to 10 percent in fact affected the rate of growth for the southeast portion of
the region. This is illustrated on the map in Figure 25 produced by MAPIT. The map shows the
differences in forecasted zonal household totals for 2020 between the baseline (BL) and policy
scenario 7CO0.
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2020
Percent Change In Total Households Between Policies BL And 7C0

Percent Change
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Figure 25. Forecast map summary in MAPIT — comparison of total number of
households by zone in 2020 between BL forecast and 7CO scenario forecast

As we looked closely at the impact of the 7C0 zonal growth constraints in the southeast portion of
the outer ring, we could see that the household densities in zones north and west, as a result of
these growth constraints, also were affected. The region’s entire outer ring remained attractive to
households, and since there were growth constraints in the southeast, the northwest, in a relative
sense, increased in attractiveness and realized additional growth as compared to the unconstrained
forecasts. These effects may be seen more clearly in the map produced by MAPIT shown in Figure
26, observing percent change in number of households between from 2000 to 2020.
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7C0
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Figure 26. Forecast map summary in MAPIT - percent change in total households
2000-2020, policy scenario 7CO

The results of the 6C9 northwestern constraint policy were analogous to those for 7C0. As shown on
the map in Figure 27, a few zones in sub-area #6 retained households and thus showed high
densities. The majority of densely populated households remained, however, in and around the core
Des Moines areas and in outer ring zones southeast of the core. Again, constraining growth in the
northwestern sub-areas of the outer ring did reduce densities in the northwest, but at the same
time, the unconstrained sub-areas of the outer ring became relatively more attractive and showed
increased growth compared to the baseline.
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6C9 Zonal Houshold Density
Total Households 2020
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Figure 27. Forecast map summary in MAPIT - zonal total household densities in
forecast year 2020 for policy scenario 6C9

Similar to what we saw in the analysis of policy scenario 7C0O, comparing the total forecasted
number of households between polices BL and 6C9 reveals that constraining growth in the
northwest (sub-areas 6 and 9) made urban core and southeast areas more attractive. However, it is
evident that most of the growth that would otherwise have occurred in the northwest, shifted to
southeast, rather than urban core which would have been proffered outcome. Nevertheless, the
analysis shows that constraining development in the northeast does have an effect on the overall
regional location patterns and zonal growth rates for households. This is illustrated on the map in
Figure 28 produced by MAPIT. The map shows the differences in forecasted zonal household totals
for 2020 between baseline (BL) and 6C9 policy scenario.
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2020
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Figure 28. Forecast map summary in MAPIT — comparison of total number of
households by zone in 2020 between BL forecast and 6C9 scenario forecast

The outer ring of the region remained more attractive than urban core, despite the limited growth
in the northwest due to imposed constraints. The map in Figure 29 shows that overall change in
number of households in the urban core area was either negative or moderately positive, while areas
in the southeast of the Des Moines MPO region experienced high growth. Growth in northwest
outer zones (sub-areas 6 and 9) was a direct outcome of imposed constraints. The constraints
effectively increased attractiveness of southeast part of the region’s outer ring; some zones in the
urban core also saw growth, but majority of densely populated zones there suffered a decline in
number of households.
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Figure 29. Forecast map summary in MAPIT — percent change in total households
2000-2020 for policy scenario 6C9

5. Brief summary of Policy Test Results

From the illustrative TELUM policy forecasts completed using the data from the Des Moines MPO,
we can conclude the following:

®  The Des Moines region is, by virtue of the regional forecasts (control totals) developed by
the MPO, expected to see continued growth through 2030.

®  Households are attracted to zones located in the outer ring of the region more than they
are attracted to zones located in the core of the region.

TRANSPORTATION, ECONOMIC AND LAND USE SYSTEM (TELUS)




TELUM Case Study — Des Moines, lowa

B Infrastructure improvements that have reduced zonal travel time for the southeast portion
of the region contributed to the development of the southeast zones further from the core
and inner ring of the region, but overall the proposed infrastructure improvements have
rather little effect on regional form. This is most probably because there is not much
transportation facility congestion overall, but may also be due to the transportation and
location/land use forecasting not being linked and integrated in the modeling process.

B Policy forecasts which constrained household and employment growth in one quadrant of
the outer ring zones had the effect of pushing some development toward the region’s core,
and some other development to zones in other quadrants of the outer ring. A policy
forecast constraining household and employment growth in the entire outer ring would
likely results in increased development in and around the core Des Moines area.

B Alimit on development in outer ring zones with a greater share of vacant developable land
decreased the region’s loss of vacant land by virtue of focusing development more toward
the region’s somewhat more densely developed central areas.

5. Case Study Conclusion

This case study was undertaken solely for the purpose of showing a prospective TELUM user the
steps in a model application using an actual MPO dataset. It is of particular importance to again
note that NONE of the policies, analyses, or even comments regarding these materials in any way
reflect opinions, plans, or actions of any sort by the Des Moines Area MPO. Their only role was to
provide the data and some brief conversations with the authors regarding the region and issues that
might be of current interest there.

Overall, the materials presented here are rather like what is seen in most land use model applications
in regional agencies. Forecasts made using models such as these are relatively simple to execute.
They provide reliable forecasts of future regional patterns, but must be expected to be imperfect in
some of their details. It remains more than a little questionable as to how much more reliable
forecasts of regional location and land use could be produced. While there has been considerable
investment in various incarnations of what are popularly known as micro-simulation models, and
models which claim far more complete economic-theory-based underpinnings, there is virtually no
evidence to the effect that such approaches can produce any systematic improvement in forecasts.
There is, however, abundant evidence to the effect that they require data which are several orders of
magnitude more complex, that are significantly more expensive to obtain, and that are often
unavailable to agencies regardless of the financial resources they might be willing to invest in data
collection. TELUM certainly provides an avenue to useful forecasts for many MPOs, especially ones in
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small to middle sized regions, as it relies on data that is readily available to, or can be easily collected
or produced by MPOs themselves.

For user support please visit TELUS website at www.telus-national.org or contact TELUS
development team:

Transportation, Economic and Land Use System (TELUS)
New Jersey Institute of Technology

Tiernan Hall, Suite 287

University Heights

Newark, NJ 07102

E-mail:  telus@njit.edu

Phone: (973) 596-5700

Fax: (973) 596-6454
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