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1.0 INTRODUCTION 

Under contract with the Houston-Galveston Area Council (H-GAC), Eastern Research 

Group, Inc. (ERG) and Cambridge Systematics, Inc. have developed a modeling framework for 

estimating regional on-road emission inventories of criteria, toxic and GHG emissions for each 

hour of a day with highly detailed spatial resolution, including emission ñhot-spotsò not on the 

traditional travel network such as truck stops and port terminals.  This framework has been 

named the Spatial Emissions Estimator (SEE) and employs MOVES2010b at both the project 

and county scale to cover all needed emission processes in accord with EPA modeling guidance 

(1).  The first implementation of SEE has been completed for the Houston-Galveston-Brazoria 

(HGB) metropolitan area of Texas, and is termed HGB-SEE.  Among the novel features of the 

first HGB-SEE implementation are a) the application of MOVES project scale to develop a 

regional emissions inventory, which introduces the possibility of including road grade impacts at 

an area-wide level;  b) allocation of off-network emissions to transportation analysis zones based 

on travel demand model origin/destination matrices and spatial analysis of truck extended idle 

locations.  For future implementation, the framework can be extended to include heavy-duty 

emission ñhot spotsò not already accounted for in the travel model network such as port 

terminals and distribution centers.  HGB-SEE also incorporates an updated version of a link 

processing script (TRANSVMT) developed by the Texas Transportation Institute (TTI).  The 

updated TRANSVMT includes the option of a new speed-post processing model which provides 

a broader range of average network speeds, to allow a more accurate assessment of speed 

distribution and related emissions across the HGB area.   

The SEE framework provides a comprehensive system for estimating regional emissions 

per EPA guidance, and a platform for further customization to account for emissions hot-spots.  

The high degree of spatial detail lends itself well to improving input of on-road emissions to 

photochemical air quality model frameworks, which require hourly emission estimates often by 1 

or 4km grid cell.  Finally, the ability to account for road grade in regional emissions analysis 

adds a new dimension previously focused only on project level hot spot analysis for MOVES.  

This report presents an overview of the broader HGB-SEE design,  results of benchmark runs 

compared to MOVES2010b run in county scale inventory mode, detailed user documentation for 

the first implementation of HGB-SEE, and updates to the TRANSVMT utility.  A discussion of 

how the framework could be expanded to improve the emissions inventory from this benchmark 

baseline is also included.   
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2.0 MODEL DESIGN 

2.1 Overview 

The Houston-Galveston-Brazoria modeling domain covers eight counties in Southeast 

Texas, encompassing one of nationôs largest ozone nonattainment areas outside of California, 

with a population of over 6 million people.  H-GACôs travel demand modeling characterizes this 

area with approximately 68,000 unique roadway links and 5,000 travel analysis zones (TAZs).  

H-GACôs motivation for a new modeling tool was to update to MOVES from MOBILE6 for 

conformity-level analysis while estimating emissions for each link and zone in the HGB area. An 

additional motivation was to have a framework that could account for emissions from heavy-

duty trucks that occur at specific locations not accounted for on the travel network, the foremost 

being terminals at the Port of Houston, as well as numerous distribution centers and warehouses 

with a high concentration of trucks.   

Previously, H-GACôs emission inventory development with MOBILE6 relied on a suite 

of programs developed by TTI which combine MOBILE6 emission rates with travel activity data 

to estimate emission as the roadway link level (2).  As part of the upgrade to MOVES, H-GAC 

desired not only link-level emissions for running emissions, but also emissions at the TAZ level 

for the off-network emission processes of vehicle start, evaporative  and heavy-duty truck 

extended idle.  This required full integration of link travel and zone-based trip activity from the 

H-GAC travel model.  For zone-level extended idle emission, this also involved estimating 

specific locations of truck idling based on GIS analysis of truck stops in the HGB area.  For use 

of the emissions in SIP and conformity analysis, a primary requirement was that SEE produce an 

inventory consistent with that estimated with MOVES run in county scale inventory mode and 

developed based on EPAôs modeling guidance.   

Broader software requirements were a simple GUI-driven system, ability to model base 

and projection years per conformity requirements, flexibility in output aggregation (e.g. link, 

zone, county, region), and ability to use MOVES database tables directly to supply needed data 

not provided by travel model activity data.  The latter requirement allows the user to employ the 

MOVES county data manager (CDM) framework to populate tables containing necessary input 

data such as vehicle population, fuels, inspection/maintenance, meteorology and age distribution.  

In this way, execution of SEE parallels that of MOVES in terms of input preparation, a key 

difference being the use of travel demand model output directly to provide major activity inputs 

such as VMT, average speed and road type distribution.  The modeling suite makes use of a pre-

processing utility that prepares raw travel demand model output for use in SEE, known as 

TRANSVMT.  TRANSVMT was first developed by TTI to produce link-level activity for 
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emissions modeling from raw travel model output by post-processing link speeds, and creating 

links to represent bidirectional travel and trips within a travel zone (i.e. intrazonal links).  For 

SEE, TRANSVMT was updated by Cambridge Systematics to give the user the option of using 

an updated TTI speed post-processing model that results in a broader, and more realistic, range 

of network speeds.  

Another requirement was the ability to quickly incorporate updates to SEE when new 

versions of MOVES are released. To address this, SEE was designed to use direct MOVES runs 

as much as possible, while relying on supplemental scripting for calculations that are universal to 

different MOVES versions.  The conceptual design of SEE realizes this goal to a high degree, in 

that it is possible for the SEE approach to rely almost exclusively on direct MOVES runs and 

output.  The need for improved runtime performance did require moving some MOVES 

calculation steps outside of MOVES using PERL scripts, so that direct MOVES runs could focus 

on producing the output needed for these calculation steps.   

Figure 1 shows an overall flow of SEE.  The data canisters in red denote input data 

preparation before running SEE.  Beginning with raw travel demand model output (traffic 

volume and average speed by link; trip origins and destination by TAZ), pre-processing for SEE 

includes running the updated TRANSVMT script to produced hourly link-level volume and 

speeds.  SEE also requires data in MOVES input table format for non-travel related inputs.  For 

allocation of extended idle emissions, a table of idle activity allocation factors by TAZ is also 

required.  For HGB-SEE, the MOVES and idle allocation inputs were developed and provided to 

H-GAC, and will generally be re-used for HGB-SEE runs until a change in input is desired by H-

GAC.  Pre-processing of travel demand data is required for each unique travel model run or to 

invoke the alternate speed post-processing routine.   

Once the inputs have been prepared, to execute SEE the user makes basic input/output 

selections in a simple GUI.  Within SEE, the on-network and off-network approaches are 

different but integrated into one system, with common input/output databases.  PERL scripts set 

up and execute a separate set of MOVES runs for on-network and off-network emission 

processes and then post-processes the MOVES results into link- and zone-level emissions, or 

sum to a coarser level of aggregation as specified by the user.  The post-process scripts also 

implement the Texas Low Emission Diesel (TxLED) program reductions.  The details of the on- 

and off-network processes are discussed in the following sections.   
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Figure 1.  Overview of SEE Flow 

 

 

 

2.2 On-network approach 

Within SEE, on-network and off-network emissions are generated through a separate set 

of MOVES runs which share basic inputs for fuels, meteorology, age distribution, I/M and 

vehicle population.  On-network emissions (except ramps and running loss evaporative 

emissions, as described below) are generated using MOVES project scale runs combined with 

PERL scripts that scale emissions to every link in the HGB area, for each hour of the day.  This 

approach allows bottom-up calculation of regional emission inventory from individual links, 

while retaining the spatial distribution of travel network emissions.  Using MOVES at the project 

scale to estimate link-level emissions also introduces the possibility of including road grade in 

regional emission inventory estimates.  This was not implemented in HGB-SEE because the 

HGB modeling domain is fundamentally flat, and road grade effects are assumed to be small in 

the regional inventory.  However, for areas with more varied terrain, this feature could allow for 

estimation of a potentially meaningful grade effect on overall inventory.   

Within SEE, PERL scripts are used to prepare MOVES inputs by converting 

TRANSVMT output to MOVES project database link inputs.  It is possible to set up MOVES 

project scale to run all links in the HGB area directly, for each hour of the day.  This approach 

was initially attempted to address the desire for more reliance on direct MOVES runs over 

external scripting, but abandoned when it became clear that runtime would be prohibitive.  This 
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led to the development of a streamlined approach, where the links defined for the MOVES 

project runs were only those with unique combinations of road type and average speed, known as 

ñunique linksò.  With emissions from these links, the remainder of links can be estimated simply 

by scaling emissions from the unique links according to source hours operating (SHO) of each 

link, defined in MOVES as VMT divided by the average speed for each link.  This process 

replicates internal MOVES logic for calculating total emissions in inventory mode.  In Harris 

County (the largest in the eight-county HGB area), using the unique link approach with the exact 

post-processed travel model speeds reduced the number of links to process through MOVES 

from roughly 25,000 to 425.  This approach made the runtime of SEE manageable; however, in 

benchmark runs comparing to MOVES county scale inventory runs, it was determined that a 

more exact replication of the MOVES county scale approach could be achieved by defining 

unique links not by the exact link speeds, but by the midpoint of the 16 MOVES speed bins the 

link would fall into.  This replicated the county-level on-network results better, and had the 

residual impact of reducing the number of unique links further, to just 26 in Harris County (down 

from 25,000).  This became the default approach for SEE, for optimum runtime performance and 

best replication of county-scale results.  However, the option for exact speed unique links was 

retained, because despite longer runtime, using exact speeds produces a more refined emissions 

estimate.  Sensitivity runs comparing the exact speed vs. bin speed approaches found small 

emission differences, on the order of 1-2 percent.   

Differences in the MOVES county and project scale approaches led to some challenges in 

getting the projectïbased SEE results to match MOVES county scale results.  The first was that 

within MOVES, county scale converts age distributions to travel fraction (fraction of miles 

driven by each age), while project scale does not.  This is intentional, as the travel fraction 

calculation within county scale is meant to estimate regional trends of older vehicles driving less; 

for project scale this calculation isnôt done as age distribution is mean to reflect the actual 

distribution of vehicles in the specific project area.  For application of project scale for regional 

analysis within SEE, however, the travel fraction calculation needed to be introduced.   A 

related challenge was reconciling the VMT mix approach between project scale and county 

scale.  County scale uses information provided by the user for total VMT, road type distribution 

and vehicle population to estimate a regional mix of source type VMT, on each road type.  

Project scale instead uses source type fractions for each link (sourceTypeHourFraction).  For the 

SEE project scale runs, age distributions and SourceTypeHourFractions had to be produced for 

MOVES which would replicate the county-scale travel fraction and VMT mix calculations.  To 

accomplish this, PERL scripts were developed which adjusted the user-provided age distribution 
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to account for relative mileage accumulation rates, and to calculate sourceTypeHourFractions by 

road type that mimicked the MOVES county-scale VMT mix approach.   

Another challenge introduced by differences in MOVES project and county scale 

approach was freeway ramps.  The HGB travel model estimates ramps as separate roadway links, 

with variations in speed.  Some links classified as ramps are relatively long, e.g. ½ mile or more 

(the Houston freeway system has many flyovers transitioning from one freeway to another that 

contribute to this).  Since it was desirable to estimate emissions for these individually in SEE, an 

approach was developed to define each ramp as a link in MOVES, with a unique operating mode 

distribution assigned based on average speed.  This approach was developed using the operation 

mode distributions derived from MOVES county scale runs for restricted roads with ramp 

fraction set to 100 percent, for each of the MOVES speed bins.  However, in implementing this 

approach SEE was not able to match the emissions increment at county scale when ramp fraction 

derived from the HGB travel model was introduced.  The inclusion of ramp-specific link 

emissions was ultimately dropped, and ramp emissions in SEE are instead calculated using the 

county scale runs performed for off-network emissions, based on ramp fractions calculated from 

the HGB travel model at the county, rather than link, level.  For future improvements it is still 

desirable to model each ramp link individually; MOVES2014 will treat ramps as separate road 

types, which will make link-specific ramp emissions in SEE more feasible when updated to 

MOVES2014.   

A final challenge introduced by differences in MOVES project and county scale approach 

was on-network evaporative emissions (i.e., running loss).  MOVES project scale doesnôt include 

evaporative emissions, so these emissions were also added to the ñoff-networkò county scale 

runs within SEE.   

While not implemented in the first version of HGB-SEE, using MOVES project scale 

provides the opportunity to include road grade in regional emission inventory calculations.  This 

would require road grade estimates for each link on a network, or at the least the subset where 

grade would be significant enough to influence emissions.  It could be implemented in SEE by 

adding grade to speed and road type in the determination of unique links.   

2.3 Off-network approach 

Off-network emissions include start (exhaust and crankcase), evaporative (permeation, 

vapor venting, liquid leaks and refueling) and extended idle emission processes.  With the 

exception of refueling, these are estimated in SEE with a MOVES county scale run for a 

weekday, producing emission results by hour.  Refueling is not estimated in SEE intentionally, 
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following the precedent set by the TTIôs suite of modeling tools for on-road emissions.  The 

county scale MOVES run shares input tables with the on-network project scale runs for vehicle 

population, fuels, fuel technology, inspection/maintenance, meteorology, age distribution.  For 

the remaining input tables unique to county scale activity (total VMT, hourly VMT distribution, 

road type VMT distribution and average speed distribution), input tables are produced by PERL 

scripts that aggregate link-level activity estimated by the travel model and pre-processed using 

TRANSVMT, according to EPAôs modeling guidance.  This is needed because in MOVES, off-

network activity is related to on-network activity (e.g., hours parked depends on hours 

operating); using aggregated TRANSVMT activity ensures the off-network activity is consistent 

with travel model network results.   

The results of the county-scale MOVES runs are then allocated to roughly 5,000 TAZs in 

the HGB area with PERL scripts and allocation factors by TAZ and time of day.  This process 

could also happen within MOVES, and was first attempted using MOVES custom domain and 

populating the Zone table directly with start, park and extended idle allocation factors.  However, 

the runtime was prohibitively long, likely because when this approach is used in MOVES the 

model is repeating the entire emissions calculation process for each zone, allowing for different 

meteorology by zone as would occur with emission inventories at the grid cell level prepared for 

photochemical air quality modeling.  If the same meteorology is used for an entire county, the 

level of detail in the internal MOVES allocation approach is unnecessary, and allocation of 

emissions to zones can be done through post-processing.  This approach was taken in SEE 

because runtime performance was much better.   

Allocation factors for start and evaporative emissions are calculated within SEE using 

PERL scripts, based on travel demand model origin/destinations by zone.  Start allocations are 

based on number of trip origins by zone, and evaporative (park) allocations are based on number 

of trip ends by zone.  These are estimated by the HGB travel model for four time periods - AM 

peak, Midday, PM peak and Overnight ï and allocations are estimated for each time period and 

applied to the appropriate hourly MOVES results.  Example start and park allocations are shown 

in Figure 2 and Figure 3, for the AM peak in Harris County.   



Spatial Emissions Estimator (SEE): Overview and User Documentation  

for Houston-Galveston- Brazoria Implementation 

8 

 

Figure 2.  Start Allocation Example (Harris County AM Peak) 

 

Figure 3.  Park Allocation Example (Harris County AM Peak) 
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Extended idle allocations by TAZ were developed using GIS analysis of locations where 

extended idling will most likely occur across the HGB area ï i.e. truck stops, rest stops and other 

commercial establishments that allow truck idling.  For this analysis ERG used the commercially 

available Truck Stops Plus database, which contains over 7,300 trucks stops nationwide and 

includes all major chain truck stops, as well as independent truck stops (3).  This dataset includes 

the size category of each truck stop ( less than 20 parking spaces, 20-70 parking spaces, and  

more than 70 parking spaces), and other relevant detail such as whether overnight parking is 

allowed, fees charged for overnight parking, and what services and facilities (e.g. showers) are 

offered.  These data were deemed useful to determine how much extended idling may occur at 

any given location; candidate locations for the HGB area are shown in Figure 4.  These were 

used to assign extended idle activity to TAZ, and produce the allocation factors applied to 

county-scale extended idle emissions by hour. 

Figure 4.  Potential Extended Idle Locations from Truck Stop Plus database 
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3.0 BENCHMARK RESULTS 

Initial runs were performed to compare SEE results to MOVES county scale inventory 

mode results using inputs developed for the 2018 HGB SIP, and updated travel demand 

modeling produced by HGAC. All inputs were aligned between SEE and MOVES, with 

MOVES inputs for meteorology, fuels, inspection/maintenance, vehicle population, age 

distribution and fuel technology mix taken directly from SIP inputs posted publicly by the Texas 

Commission on Environmental Quality (TCEQ) (4).  SEEôs processing of the TRANSVMT 

output for 2018 produced the link-level inputs for the project scale SEE runs, and the county-

scale inputs of VMT, hourly VMT distribution, average speed distribution, and road type 

distribution.  This ensured that the SEE vs. MOVES county scale runs were directly comparable.   

Results of the benchmark runs are shown in Table 1, with emission results for HC, CO 

and NOx reported in tons per day (TPD) for each of the eight counties.  As shown, the county 

level and overall totals for SEE and MOVES county scale are within one-half percent for each 

pollutant.   

Table 1.  Benchmark Comparison of SEE and MOVES County Scale Runs 
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Results are produced by SEE at the link and TAZ level for each hour of the day.  

Example results of this are shown in Figure 5 and Figure 6 for midnight and 6 PM.  The links 

reflect on-network emission totals, while the zones reflect off-network totals.  Note that some 

zones show high emissions even at midnight; these are the zones where extended idle emissions 

were allocated.   

Figure 5.  NOx results by Link/TAZ (12 AM) 
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Figure 6.  NOx results by link/TAZ (6 PM) 

 

 

4.0 USING SEE 

The first implementation of SEE uses a Microsoft Excel-based user interface to accept 

user inputs, execute a series of PERL scripts which set up and run MOVES2010b, and 

summarize outputs to the level of detail specified in the user.  This section serves as a Userôs 

Guide for each of these steps.  In general, because SEE was designed to set up and execute 

MOVES runs, the user does not need to interact directly with MOVES in execution of the model.  

However, as discussed in Section 4.2, SEE does use MOVES input database tables directly (in 

.csv format), meaning that the user will need to be familiar with the format of these tables, and 

their creation/modification through EPA-provided tools such as the MOVES County Data 

Manager (CDM).  While MOVES is not run directly by the user in SEE, the user will need to 

have basic familiarity with the model and MOVES county database inputs.   

4.1 Getting Started: Requirements, Installation, Configuration, and Execution 

Requirements: SEE requires installation of Microsoft Excel 2007 (or later), ActivePerl 

5.16.2 (or later), and MOVES2010b (with its associated MySQL version 5.5.12 installation). 
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