
FORECAST METHODOLOGY AND RESULTS 

Background and model results 

Forecasting plays an important role in the transportation planning process. This appendix describes the 

forecast methods used in the Connected KC 2050 planning process including land use, 

population/employment and travel demand forecast methodologies. The forecast model outputs are 

also used to determine greenhouse gas emissions resulting from financially constrained regionally 

significant projects. 

MARC land use forecasts, adopted in June 2020i by the MARC Board of Directors, extend the planning 

horizon year from 2040 to 2050 and were revised to be consistent with the latest data available. The 

land use forecasts first established regional control totals for expected overall population and 

employment levels in 2020, 2030, 2040 and 2050.  As in prior forecasts, the PI+ model from Regional 

Economic Models, Inc. (REMI) was used to generate these forecasts. These regional forecasts were then 

disaggregated to the county level based on their historical shares of the region’s growth.    The county 

control totals were then used to allocate the region’s population, household and employment growth to 

TAZs (Traffic Analysis Zone) according to the development probabilities calculated from MARC’s land use 

change model, Paint the Town.  

According to the model results, over the 2020-2050 projection period, the Kansas City MSA is expected 

in see an increase of nearly half a million people (23%) and a quarter million jobs (21%).    

The population, household and employment forecast results are summarized in Table1.1 

Table 1.1 MARC 8-County MPO Region Population, Household and Employment Forecast 

2000 2010 2020 2030 2040 2050 

Population 1,702,764    1,897,605 2,069,550 2,198,474 2,360,941 2,548,930 

Households    666,003 745,163 806,035 886,130 962,316 1,035,710 

Employment    939,770 921,805 1,080,829 1,143,791 1,217,856 1,306,842 



MARC has also maintained the regional travel demand model for decades. The MARC Travel Demand 

Forecast Model (MTDM) was updated in 2016 to evaluate the travel impacts of alternative land use 

scenarios in order to study proposed investments in the transportation system, and to support the 

Connected KC 2050 transportation planning process.  MTDM is an advanced four-step travel forecasted 

model run in the EMME travel demand model software, maintained by INRO. Traffic forecast from the 

model analysis along with a series of Measures of Effectiveness (MOEs), such as Vehicle Mile Traveled 

(VMT) and Vehicle Hours Traveled (VHT) were used to evaluate the performants of the regional 

transportation system. As the model identified, Vehicle Miles Traveled (VMT) and Vehicle Hours 

Traveled (VHT) in the MARC region are expected to increase by 33% and 38% respectively.  

In the U.S., the transportation sector is the primary contributor to Green House Gas (GHG) emissions 

due to reliance on burning fossil fuel for our cars, trucks, ships, trains, and planes. To evaluate the GHG 

emission implication s of alternative strategies, we used EPA’s state-of-the-science modeling system, 

Motor Vehicle Emission Simulator (MOVES), to estimate emissions for mobile sources.  Table 1.2 

illustrates the modeled GHG emissions in the base year of 2015 and the predicted GHG emissions 

forecast year 2050. GHG emissions are typically measured in carbon dioxide equivalent (eCO2) by metric 

tons to account for the different Global Warming Potential (GWP) associated with the different gases 

that comprise vehicle exhaust. GHG reduction mitigation strategies are discussed in Climate Production, 

Adoption and Resilience. 

The future year travel demand and GHG emission forecast are summarized on Table 1.2 
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Table 1.2 Travel Demand Forecast and GHG Emission (Model Results – Daily) 

Base Year 2015 2050 Financially Constrained 

VMT 45,641,260 60,666,244 (33% increase) 

VHT 1,212,846 1,674,048 (38% increase) 

Auto Trips 6,192,492 7,888,125 (27% increase) 

Transit Trips 46,296 92,554 (100% increase) 

Bike Trips* 22,798 27,875 (22% increase) 

Ped Trips* 249,092 321,437 (29% increase) 

CO2E (M-tons) 10,159,290 9,284,353 (9% decrease) 

METHODOLOGY 

Land Use Forecasts 
The land use forecasts, adopted in June 2020 by the MARC Board of Directors, update and supersede 

the prior forecasts adopted in 2015.   The forecasts extend the horizon year from 2040 to 2050 and were 

revised to be consistent with the latest data available, principally from the 2018 population estimates 

from the Census Bureau, residential building permit data from the Greater Kansas City Homebuilders 

Association, and the LODES employment data from the Census Bureau and the Quarterly Census of 

Employment and Wages (QCEW) from the U.S. Department of Labor.    

Regional Control Totals using the REMI model  

The land use forecasts begin by first establishing regional control totals for expected overall population 

and employment levels in 2020, 2030, 2040 and 2050.  As in prior forecasts, the PI+ model from 

Regional Economic Models, Inc. (REMI) was used to generate these forecasts. The REMI model is a 

computable general equilibrium model that combines an input-output model with a set of econometric 

models.  It is designed to estimate regional economic growth relative to the U.S., based on how well a 

region competes with the rest of the U.S. on things like its cost of doing business and its ability to attract 

people and labor from other parts of the country.  REMI continually makes improvements to this 

complex model consisting of over 2,000 equations solved simultaneously. As a result, it has consistently 

shown an ability to produce reasonable forecasts since MARC began using it in the 1990s.   

The “region” used by the REMI model is configurable and can be any group of counties.  For purposes of 

economic modelling, it makes sense to use Metropolitan Statistical Areas (MSAs) as regions since they 

are designed to capture areas that are economically integrated. This integration is defined by which 

counties meet certain thresholds for residents commuting to jobs in a metro’s urbanized area.  The 

Kansas City MSA is a 14-county area that includes Johnson, Leavenworth, Linn, Miami and Wyandotte 

counties in Kansas, and Bates, Caldwell, Cass, Clay, Clinton, Jackson, Lafayette, Platte and Ray counties in 

Missouri.   

As a result of experiencing two recessions during the decade of the 2000s, including the 2007-2009 

Great Recession, the Kansas City MSA showed almost not growth in total employment during the period 

between 2000 and 2010. The recovery following the Great Recession reversed course became the 



longest period of uninterrupted economic expansion in U.S. history.  From the employment trough in 

2010 to its peak in 2019, the MSA added nearly 200,000 jobs and the MSA’s unemployment rate was 

pushed down to levels not seen in 50-years. This tight labor market was the result not only of the 

demand for workers by employers but a slowing of labor supply growth as the post-WWII Baby Boomers 

started turning 65 in increasing numbers this decade.   

Unfortunately, this trough-to-peak rate of employment 

expansion is not consistent with long-term trends.  The REMI 

model anticipates that nation-wide, labor force growth will 

continue to slow significantly in the 2020s and beyond as most 

of the baby-boomers leave the labor force entirely, immigration 

trends downward and the millennial generation delays 

childbearing.  Slow growth in the available workers then 

constrains future employment growth.  Additionally, a modest 

recession in the early 2020s is expected.   

As a result, the Kansas City MSA is expected to add a net of 

78,000 jobs between 2020 and 2030 as the economy absorbs 

the impact of another recession and a slower growing labor 

supply.  After 2020, employment growth accelerates slightly to 

a little over 100,000 per decade so that the metropolitan 

economy adds just under 300,000 jobs over the 2020-2050 

projection period. 

Population growth proves a little more stable, however.  Like labor force growth, though, it too slows 

down during the 2010-20 and 2020-2030 periods to roughly 130,000 per decade before accelerating to 

an average of 175,000 per decade between 2030 and 2050.  Over the enter 2020-2050 projection 

period, the Kansas City MSA is expected in see an increase of nearly half a million people.   
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COVID-19 RECESSION 

The recession caused by the 

COVID-19 pandemic occurred 

after these forecasts were 

developed.  While this recession 

will likely be more severe than the 

one included in the current 

forecast, at this point it is assumed 

that the COVID-19 recession will 

not affect the long-run path of the 

Kansas City economy. As more 

data becomes available, this 

assumption will be evaluated and 

changes to the forecast will be 

made as necessary. 



County Control Totals 

The following sequence of steps were used to convert the regional forecasts from REMI into county 

control totals of population, households and employment. 

The REMI model forecasts the growth of the entire Kansas City Metropolitan Statistical Area (MSA), 

which includes 14 counties. To produce a forecast for the 9-county MARC region, it was assumed that 

virtually all of the MSA’s growth would occur within this  region, which is consistent with historical 

trends. The REMI model uses employment data from the Bureau of Economic Analysis (BEA) that 

includes the self-employed as well those earning wages and salaries. The self-employed (or proprietors) 

are estimated from IRS data, which is only available by place of residence rather than place of work.  

Transportation models need to know where the workplaces are to estimate traffic flow to trip 

destinations. Therefore, the BEA data was factored down to match payroll employment figures from 

both BEA and the Bureau of Labor Statistics, which better represents the people who travel to work 

each day.  

The combination of subtracting the five MSA counties not part of the MARC region and converting from 

total employment to payroll employment yields a forecast that the region’s population is expected to 

grow by nearly half a million between 2020 and 2050, from 2.1 million to 2.6 million, while employment 

is expected to grow by nearly a quarter of a million, from 1.1 million in 2020 to 1.3 million in 2050.   

The REMI model forecasts population by age and race but not households, which are a required input 

into MARC’s travel demand models.  Therefore, household headship rates by age and race from Harvard 

University (https://www.jchs.harvard.edu/) were applied to the population forecast translate them into 

a forecast of total households.  

Then, given the growth in total population, households and employment in the 9-county MARC region, 

historical trends each county’s share of the region’s growth were applied to forecast future county levels 

of population, households and employment.  

For population and households, comparing the county trends in between the 2000s and the 2010s 

revealed a shift in population growth from suburban to urban counties.  Much of this was tied to the 

increase in the demand for multi-family housing units relative to single-family housing units throughout 

much of the decade.  This shift was forecast to continue, though at a reduced rate given the cyclical 

nature of multi-family development and the likelihood of a slow-down as the market saturates. 

For employment, the historical trends of the 2000s were judged not to be relevant since total payroll 

employment in the region declined by 18,000 jobs during that decade as a result of the Great Recession. 

Instead county shares of growth during the 2010s were extended into the future. 

https://www.jchs.harvard.edu/


Given this methodology, the following forecasts were adopted as the county totals to be used in 

allocating growth to TAZs: 

POPULATION 

2000 2010 2020 2030 2040 2050 2020-50 

Johnson 451,086 544,179 612,229 665,846 732,601 808,901 196,672 

Leavenworth 68,691 76,227 82,485 87,194 93,128 99,995 17,510 

Miami 28,351 32,787 34,363 36,098 39,098 43,509 9,146 

Wyandotte 157,882 157,505 166,047 172,350 180,293 189,484 23,437 

Cass 82,092 99,478 106,963 114,407 123,787 134,641 27,678 

Clay 184,008 221,939 250,468 272,709 300,736 333,167 82,699 

Jackson 654,880 674,158 710,015 731,826 759,311 791,114 81,099 

Platte 73,774 89,322 104,959 116,015 129,947 146,069 41,110 

Ray 23,354 23,494 23,046 23,173 23,332 23,517 471 

Sum 1,726,118 1,921,099 2,092,596 2,221,647 2,384,274 2,572,447 479,851 

HOUSEHOLDS 

2000 2010 2020 2030 2040 2050 2020-50 

Johnson 174,570 212,882 236,906 270,516 302,105 332,168 95,262 

Leavenworth 23,071 26,447 27,054 28,704 30,273 31,785 4,731 

Miami 10,365 12,161 12,995 14,317 15,956 17,902 4,907 

Wyandotte 59,700 58,399 60,976 64,333 67,527 70,603 9,628 

Cass 30,168 37,150 40,973 45,954 50,692 55,257 14,284 

Clay 72,560 87,217 93,447 103,733 113,517 122,943 29,496 

Jackson 266,294 274,804 292,824 311,309 328,891 345,829 53,005 

Platte 29,275 36,103 40,861 47,264 53,356 59,224 18,363 

Ray 8,743 8,957 8,849 8,928 9,003 9,076 227 

Total 674,746 754,120 814,884 895,058 971,320 1,044,786 229,902 

EMPLOYMENT 

2000 2010 2020 2030 2040 2050 2020-50 

Johnson 288,261 299,332 372,705 401,502 435,376 476,074 103,369 

Leavenworth 22,476 23,933 24,113 24,735 25,467 26,346 2,233 

Miami 7,754 7,863 9,482 10,117 10,864 11,762 2,281 

Wyandotte 77,530 80,730 97,994 104,769 112,739 122,315 24,321 

Cass 18,218 23,461 29,764 32,238 35,148 38,645 8,880 

Clay 80,564 90,684 108,344 115,275 123,428 133,224 24,880 

Jackson 411,515 356,302 386,040 397,711 411,440 427,935 41,895 

Platte 33,452 39,500 52,386 57,444 63,393 70,541 18,154 

Ray 4,372 4,192 3,669 3,463 3,222 2,932 -737

Total 944,142 925,997 1,084,497 1,147,254 1,221,078 1,309,774 225,276 



Growth allocation to TAZs 

The basis for allocating the region’s population, household and employment growth to TAZs according 

to the development probabilities calculated from MARC’s land use change model, Paint the Town. This 

model was developed in-house by MARC based on an original concept by Criterion, Inc. It uses the 

metaphor of paint chips, where colors represent different types and densities of land uses, to display the 

location and type of land use change. The geographic area over which each chip is applied times its 

assumed density of development converts the land use change into housing units and/or employment. 

Additional conversion factors specific to each paint chip, such as vacancy rates and persons per 

household, convert housing units to population.    

The small areas to which the paint chips are applied are land use polygons derived from parcel data 

provided by the counties in the MARC region. These differ from the actual parcels in that they are based 

on vector grid cells, 50 feet in developed areas and 500 feet in undeveloped areas, where land use data 

was converted first to a 50-foot cell size raster and then converted to vector data. Grid cells are then 

merged if they share certain attributes, including land use type, decade of development, future land use 

type, availability for development, whether or not they are platted and whether or not they are in an 

activity center. The result is a parcel-like land use fabric covering the region that contains over 1 million 

polygons.    



MARC translates each county’s land use categories into an overall regional “palette” of paint chips.  

The result, using a simplified version of this palette, is shown in the following existing land use map. 

Source:  County Assessors Offices and GIS departments, as compiled and tabulated by MARC 

After collecting existing land use, MARC surveys cities and counties to obtain their future land use 

plans. Typically, these plans are designed to visualize what the jurisdiction will look like once it is fully 

built-out or, in older areas, when anticipated redevelopment is completed.  As such, these plans 

provide guidance for MARC’s forecast concerning what kinds of development will occur and where, 

provided there is sufficient demand to make the development economically feasible.   

Considerable work is required to make the land use classifications used by the various jurisdictions 

consistent with the regional land use palette. Some cities and counties are shifting their 



comprehensive plans to represent development types such as city centers or town squares, rather than 

traditional classifications.  Where consistency with the existing palette was impossible, new land use 

chips were created in to accommodate them.  

This resulted in the following planned land use map, again symbolized using a simplified version 

of the regional palette.   

Source:  County Assessors Offices and GIS departments, as compiled and tabulated by MARC 

Which land is most likely to develop is determined by Paint the Town’s development probability models, 

of which there are four: new development (greenfield development within the area expected to be 

served sanitary sewers), rural development (greenfield development outside of the area served by 

sanitary sewers), refill development (redevelopment and infill within areas largely developed by 1990), 

decline (principally in the most distressed areas of the region).  



These models were calibrated based on how well they predicted the land use change that occurred 

between 2000 and 2010.  Explanatory variables include a variety of measures, such as availability of 

vacant land, sewer availability, employment density, median household income, proximity to arterials 

and highways, destination density, age of housing, quality of school districts, percent minority and 

poverty rate.  The land expected to be served by sewers each decade was critical to forecasting the 

potential extent of suburban development. The data for this was obtained from the local wastewater 

districts and wastewater departments in the region.   

The use of four separate models required dividing the control totals into four types of change each 

decade of the forecast period. The overall level of decline was set by simply running the decline model 

and summing the result across all polygons.  This negative change then determines the amount of 

population and employment needing to be allocated to the redevelopment area to offset the decline 

and achieve an assumed redevelopment percentage.  Greenfield development then accounts for the 

remainder of the projected population and employment change, which needs to be split into new, 

suburban-style development and rural development.  

Land use changes were converted by Paint the Town into changes in population, households and 

employment, then aggregated from 1 million land use polygons to 1,000 Transportation Analysis Zones 

(TAZs). The Technical Forecast Committee then conducted their review at this level of aggregation and 

shifted growth within counties to be more consistent with local knowledge. 

Subsequently, the number of TAZs was increased to 2500.  Rather than re-run all the analysis through 

Paint the Town, the prior forecasts were disaggregated to the new boundaries using block-level 

population, household and employment data. It was at this point the forecasts were also extended from 

2040 to 2050 based on the new regional and county control totals above.  The Technical Forecast 

Committee again reviewed the forecasts to make sure the growth continued to be allocated in the 

proper locations based on the most recent development trends and local plans.  The final forecasts of 

population, households and employment were then approved by the Technical Forecast Committee in 

April 2020.   









Travel Demand Forecast Model 
Traffic model is a validated mathematical representation of the regional transportation system and its 

users' travel behavior. The model estimates the number of trips that will be made, the distribution 

patterns of the trips throughout the region, the likely mode used for the trips, and the actual roadways 

and transit lines used for auto and transit trips. The main objective of the regional model is to analyze 

impacts of specific transportation policies and investments that might be undertaken in support of 

regional goals and objectives adopted by the MARC Board and stated in the Metropolitan 

Transportation Plan.  

In the development of the 2050 MARC Regional Transportation Plan, Connected KC 2050, the MARC 

Travel Demand Forecast Model (MTDM) was developed to estimate future travel demand and traffic 

conditions. The travel estimates from the MTDM were then used to identify the regional impact of the 

existing and projected transportation system. The MTDM was also used as a tool to evaluate the 

effectiveness of the proposed projects, to assist the Green House Gas Emission (GHGE), and to conduct 

the Connected and Automated Vehicle (CAV) scenario analysis. This chapter describes the modeling 

methodology used by the MTDM. 

Study Area 

The MTDM Study Area boundary for the Connected 

KC 2050 includes bistate eight counties which 

include: Johnson, Leavenworth, Miami and 

Wyandotte counties in Kansas and Cass, Clay, Jackson 

and Platte counties in Missouri, as shown in Figure 

2.1. The modeled area is 3,849 square miles 

comprising 2,477 traffic analysis zones (TAZ) and 33 

external stations. 

The model is implemented using EMME 

transportation modeling software package and 

contains approximately 35,964 links and 17,471 

nodes. The encompasses an area of approximately 

3,849 square miles, with 2,118 square miles in 

Kansas and 1,731 square mile in Missouri. 

Approximately 2,400 miles of roadway are included 

in the 2015 base year model. 

The roadway network in the MTDM includes all roads 

of regional significance: interstates, freeways, and 

major and minor arterials within the MPO region. 

The model also includes collectors and local roads 

that have heavy traffic volumes or provide 

connectivity. The transit network in the MTDM 

includes all local and express bus routes, and KC Street 

Cars operated by the Kansas City Area Transportation 

Authority (KCATA) 

Figure 2.1 Roadway Network and External 

Stations 



Model Development 

The MARC regional travel model is a best practice, aggregate four-step model that operates much like 

any modern travel demand model. Figure 2.2 shows an illustration of the model system. Key inputs to 

the model include the highway and transit networks, the traffic analysis zone (TAZ) system, and 

socioeconomic and demographic data. Using these inputs, the key model components include trip 

generation, trip distribution, mode 

choice, and trip assignment. Together, 

these components compose the 

traditional four-step process for demand 

forecasting. In addition to these 

standard four-step components, several 

other elements are featured in the 

MARC model system and include the 

following: 

• Submodels for household

income and household size;

• An auto availability model with

household income and

household size sub-models;

• A special generator model,

which accounts for travel to/from Kansas City International Airport; and

• An external model, which accounts for trips produced and/or attracted to locations outside the

MARC region boundary;

Over the last few years, MARC has improved the model to include: 

• Improved trip distribution procedures to include destination choice formulations;

• Expanded the range of trip purposes modeled.

• Improved trip distribution procedures to include destination choice formulations;

• Re-estimated mode choice model based on year 2015 onboard transit survey;

• Enhanced time-of-day component to model 24 hour daily slices that can be aggregated to

customized time-off-day periods.

Finally, a speed feedback process iterates between trip assignment and trip distribution and ensures 

that the travel impendence measures used as inputs to the model are consistent with the impendence 

outputs of the model system. 

[2050 Congestion/Assignment maps to follow] 

Model Documentation 

In order to support Connected KC 2050, MARC model has been recalibrated in 2016. The full model 

technical report can be found on Mid-America Regional Council (MARC) Regional Travel Demand Model: 

Technical Documentation  

Figure 2.2 Model Flow Chart 

file:///C:/Users/Eyang/OneDrive%20-%20Mid-America%20Regional%20Council/Model/MARC_Technical_Model_Documentation_03212018.pdf
file:///C:/Users/Eyang/OneDrive%20-%20Mid-America%20Regional%20Council/Model/MARC_Technical_Model_Documentation_03212018.pdf


Greenhouse Gas Emissions 
Greenhouse Gas emissions (GHG) for on-road vehicles were quantified using EPA MOVES2014b 

modeling software. To conduct the analysis, the model requires input databases as indicated below 

projected to 2050 under financial constraints and the land use patterns which are expected to develop: 

Fleet Information 

• Number of vehicles by type (Passenger vehicle, bus, delivery vehicles, tractor trailers, etc.)

• Average age of each type of vehicle

• Fuel characteristics and the proportion of each vehicle type using that fuel (e.g. trucks may use

diesel or gasoline)

Vehicle Operation 

• Average Annual Vehicle Miles Traveled subdivided by vehicle type

• Speed profile of each type of vehicle (what proportion of the miles traveled occurs at a given

speed)

• The percentage of vehicle miles spent on different types of roadways (rural/urban, interstate or

highway/residential)

• The percentage of travel time spent on entrance/exit ramps connecting various road systems

• The amount of time spent idling a vehicle

Environmental Context 

• Meteorological profile of the jurisdiction

To develop model runs, we relied heavily on data provided by EPA and MDNR to supplement regional 

transportation modeling. Each county was modeled separately, and the results were combined to 

provide the regionwide estimate. The MOVES Model inputs are listed in Table 3.1.  

Table 3.1 MOVES Model Input 

Input database Data source Scale Correction (if needed) 

Number of Vehicles EPA and MDNR County Growth rates to 2050 

Average Age EPA National 

Fuel Characteristics EPA County 

AAVMT MARC County Financially Constrained 

Speed Profile EPA National 

Roadway Distribution MARC County Financially Constrained 

Ramp Times MARC County Financially Constrained 

Hoteling (Idling) EPA National 

Meteorology EPA County 

To test the accuracy of our modeling process and travel data, we compared our MOVES results for the 

four Kansas Counties during Baseline 2015 to the same four Kansas Counties modeled by the EPA in 

2014. Individual county estimates ranged from -3.8% to +1.8% with a regional mean of -1.8%. This 

represents a slightly lower emissions level predicted by our model than the runs conducted by the EPA. 

i Forecast adoption by Board of Directors scheduled for June 2020 


