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with extra-long as an optional setting on some vehicle models. The technology is available on most new cars sold today. It is a 
component in present-day vehicle automation (Gunter et al., 2020; Makridis et al., 2021; Shang & Stern, 2021), and is an anticipated 
component for self-driving vehicles of the future (Tesla, 2023). 

Calls against activating ACC when traveling in congested, slow-moving traffic have come from select quarters on grounds of safety 
(GMC, 2023; Honda, 2022; Sparks, 2022; Volvo, 2020). Yet, louder voices seemingly champion more indiscriminate use of this 
technology. The US Department of Transportation, for example, heralds ACC as means of enhancing “throughput” and various other 
related measures of traffic performance (USDOT, 2019). The claims suggest that part of ACC’s value lies in using it when in congested 
rush-period traffic, when good performance matters most. Drivers themselves seem amenable to this more unfettered use of the 
technology: most participants in a recent federal study (USDOT, 2022) report feeling comfortable with all following-distances auto
matically generated by ACC, even when traveling at speeds as low as 40 km/h, and after having selected the short setting as the 
preferred following-distance. Moreover, it stands to reason that, having paid for ACC technology, drivers will be eager to use it. And 
unrestricted use of ACC seems part of a march toward fully automated driving (BMDV, 2021; Walz, 2023). The trend thus seems to be 
one of broad ACC-engagement, whether in congested or uncongested traffic. 

We therefore proceed by assuming that drivers of ACC-equipped vehicles will tend to use the technology, whatever the traffic 
conditions might be, both in nearer term- and more distant futures. The study then follows a logic that we view as elegantly simple. 
Responses of a single make and model of ACC-equipped cars powered by internal combustion engines (ICE), and of a single ACC- 
equipped battery-powered electric car (EV), were measured in field experiments. Measurements were taken of all available settings 
for preferred following distance and were conducted over a full range of congested vehicle speeds, including the jammed (zero) speed, 
and for various free-flow speeds. These data were then used to calibrate a well-known car-following model, to replicate field-measured 
ACC-responses under each setting for following-distance. Parameter values for fully-human-controlled cars were taken from the 
literature. The calibrated models were used to simulate various future scenarios for idealized versions of two distinct US cities. As
sumptions favorable to ACC were adopted throughout. Yet even these best-case outcomes illustrate why favorable forecasts regarding 
ACC’s future impacts on “throughput” or any other measure of traffic performance are not only exaggerated, but that in the absence of 
intervention, one can expect ACC to add to urban congestion considerably. We demonstrate that degradation of this sort will likely be 
an unintended consequence of the vehicle spacings that ACC selects in heavily congested and jammed traffic. We further demonstrate 
that this consequence is likely to occur for most any foreseeable future, and is especially likely in older, denser cities that are already 
highly congested during a rush and that have more limited queue-storage space. An intervention to avert these looming problems is 
explored by following the same logic. 

1.1. Background 

Many of the early studies of ACC’s impacts on traffic were theoretical in nature, in that they relied upon car-following models like 
those in Gipps (1981) and Treiber et al. (2000), which were formulated for fully-human-controlled driving. Parameter values for these 
models were in some instances calibrated to ACC responses measured in field experiments but were often selected solely on specu
lation. The models were invariably applied to individual (isolated) bottlenecks. The focus was typically on how ACC impacted the 
capacity (i.e., the queue discharge flow) of said bottlenecks. Consensus on this matter has remained elusive, as described below. 

Works in Vander Werf et al. (2002), VanderWerf et al. (2001) used parameter values that emulated idealized, highly responsive 
ACC technologies that would prevent the formation of stop-and-go waves in congestion. The literature has since reported that ACC will 
generate these traffic instabilities (Darbha & Rajagopal, 1999; Gunter et al., 2019, 2020; Milanés & Shladover, 2014; Shang & Stern, 
2021). However, Vander Werf et al. (2001; 2002) sought best-case estimates of ACC’s effect on bottleneck capacity, which stop-and-go 
driving has long been thought to diminish. Even for these best-case conditions, the latter-cited works report that the future emergence 
of ACC will produce little, if any, capacity gains over present-day rates. By instead using model parameters that generate stop-and-go, 
more recent work in Shang and Stern (2021) predicts that a future in which all vehicles operate with ACC will see bottleneck capacity 
drop by a staggering 35 %. 

In contrast, other studies (e.g., Goñi-Ros et al., 2019; Kesting et al., 2008; Papacharalampous et al., 2015; Talebpour & Mah
massani, 2016) report that bottleneck capacities will grow as ACC-vehicles increase in number. Optimistic estimates collectively range 
from 12 % growth when one in four vehicles function under ACC (Kesting et al., 2008) to more than 35 % growth when all vehicles 
operate with ACC (Talebpour & Mahmassani, 2016). 

The lack of agreement across studies is notable. One might wonder if it stems from treating model predictions of capacity as ground 
truth. Doing so came with advantages, e.g., it enabled studies of how ACC’s effects may be altered by vehicle lane-changing maneuvers, 
stop-and-go instabilities, and other traffic features not observable in small-scale field experiments of the kind conducted in Bose and 
Ioannou (2003), Ntousakis et al. (2015), and Shang and Stern (2021). It also enabled analysts to vary parametrically the mix of ACC- 
and human-controlled vehicles in traffic, as was done in James et al. (2019) and in most of the other studies cited above. 

Of concern, parametric tests in James et al. (2019) reveal to us problems with the car-following models used in many of the previous 
studies. For example, we see that the calibrated model of Milanés and Shladover (2014) inexplicably predicts that higher bottleneck 
discharge flows are produced by selecting a longer (not shorter-) preferred following-distance. Another of the models (Xiao et al., 
2017) is shown, logically, to predict that higher discharge flows come by selecting the short following-distance, but that these flows 
steadily diminish as more and more ACC-controlled cars with short distance settings enter the mix, as if too much of a good thing 
somehow becomes bad. And this same model predicts that ACC will generate impossibly large jam densities. 

These predictions of large density would have been good news for cities, had the predictions been realistic. This seems not to be the 
case, however, as field-measured data from two more recent studies (Shi & Li, 2021; Li et al., 2022) indicate. 
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These two latter-cited works used field-measured data as ground truth, and not the predictions from car-following models. In both 
cases, the field data were of ACC-responses measured in small 2- and 3-car platoons operating on real roads. Bivariate plots were 
constructed of densities and flows, the inverses of the measured car spacings and headways, respectively; and plots in Li et al. (2022) 
were augmented with field data collected in Makridis et al. (2021). The plots make clear that driver selections of short- and medium 
following-distances engendered queue discharge flows that were higher than those observed in present-day traffic. Selecting long- 
length following-distances led to smaller than present-day discharge flows. 

By combining these latter-cited empirical findings with those reflecting driver choices of preferred flowing-distance (Nowakowski 
et al., 2010),1 one might conclude that ACC will have favorable impacts on the future discharge flows through isolated bottlenecks. 
Alas, a practical problem emerges from this: most cities are not plagued by single, isolated bottlenecks, but rather by multiple bot
tlenecks that can interact in flow-damaging ways when queues grow long (Carlson et al., 2010, 2014; Cassidy et al., 2002; Daganzo, 
1998; Daganzo et al., 1999). Any promise of higher bottleneck capacity from ACC might therefore become meaningless when queues 
that spillover from one street link to the next constrain a bottleneck’s flow from reaching the higher capacity. This suggests that a 
greater determinant of future urban congestion will be ACC’s impact on queue expansion, rather than on bottleneck capacity. The news 
on this front turns out to be bad. Clues that point to this bad news are evident in Shi and Li (2021) and Li et al. (2022). 

The density-flow data plotted in both those studies include measurements made at slower speeds commensurate with light to 
moderate congestion, e.g., see Fig. 5a in Shi and Li (2021) and Fig. 5b in Li et al. (2022). Best-fit lines through those congested data 
were extrapolated to estimate jam densities. Resulting estimates ran only as high as 90 cars/lane-km in Shi and Li (2021), and as low as 
50 cars/lane-km in Li et al. (2022). The estimates characterize ACC-dominated queues to be conspicuously uncompacted, e.g., the 
lower estimate in Li et al. (2022) would mean that each stopped car occupies, on average, a whopping 20 m of longitudinal road space. 
Estimation errors may have colored these outcomes, perhaps due to the heroic extrapolations made in the absence of severely con
gested data, and perhaps because some of the lower-speed data included from Makridis et al. (2021) were sampled in short-lived, non- 
steady-state conditions. 

A modestly higher jam density of 101 cars/lane-km was separately estimated in Li et al. (2022) from an unspecified number of jam 
spacings sampled of an EV, a Tesla Autopilot. Findings from our own field experiments also show that an EV operating under ACC can 
exhibit larger jammed densities than do ICE-powered ACC-enabled cars. We attribute these larger densities to the EV’s regenerative 
braking system, as will be discussed in Section 2.3. 

Though the above estimates of jam density often seem suspiciously small, they point to something both important and troubling: for 
a given vehicle speed in congestion, most of the ACC-generated densities appear to be lower than those that occur when vehicles are 
entirely controlled by human drivers. (This finding was evidently overlooked in earlier studies, with their focus on discharge flows 
through isolated bottlenecks.) In a prescient response to their finding on density, the authors of Li et al. (2022) both: warn of potential 
queue storage problems in the future, when ACC-equipped vehicles will come in greater numbers; and call for further study on the 
matter. The warning is justified, for the reasons discussed below in sec 1.2; and the present paper answers the call for further study and 
does so in the manner described in Section 1.3. 

1.2. The concern 

Problems are known to occur when vehicle queues grow long during a rush and spillover to multiple links upstream, e.g., see 
Daganzo (1998). Spillover queues on freeways, for example, can block off-ramps and starve them of exit flows, thus adding to system 
delay (Cassidy et al., 2002; Newell, 1993). Still greater problems can occur on city streets where long queues wrap themselves around 
what are often short city blocks, to become like a snake that has swallowed its tail. The queues spread to other links and trigger a 
vicious cycle of worsening congestion over time, with ever-diminishing trip-completion rates and skyrocketing delays, a process called 
gridlock (Daganzo, 1996, 2007; Mahmassani et al., 2013). 

As alluded to in Li et al. (2022), the lower estimates of density (i.e., higher vehicle spacings) in congestion mean that ACC- 
dominated queues in the future will be less compacted than at present and will thus expand over greater distances. All else equal, 
these greater queue expansions will mean more problems of the kind described above.2 With this unintended consequence in mind, we 
now answer the call in Li et al. (2022) for further study on the matter. 

1.3. Study scope 

The present paper responds to the call, in effect, by starting over, from “square one.” New field experiments were performed, since 
the very low estimates for severely congested and jammed densities from previous experiments appear suspicious to us. As will be 
described in the following section, the present experiments were separately conducted in two sets. The first entailed a 3-car platoon of 
ACC-equipped cars of a single make and model, each one ICE-powered. The second set featured a 2-car platoon of ACC-equipped, 
battery-powered EVs. The tests were akin to earlier field experiments like those of Shi and Li (2021) and Li et al. (2022), but this 
time the field data included measurements at lower speeds commensurate with more severe congestion, along with numerous mea
surements of jammed conditions; and all data were extracted from steady-state conditions. The resulting estimates of queued densities 

1 The reference reports that 70% of ACC-equipped drivers select either the small- or medium following distances.  
2 Metaphorically speaking, one might wish to compact vehicle queues, to store more of them on a street link, much as one might compact trash, to 

store more of it in a waste bin. Overflows cause problems, whether from waste bins or congested street links. 
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are mostly larger than those reported in Shi and Li (2021) and Li et al. (2022). Still, our new density estimates are typically smaller than 
those from present-day, fully-human-controlled traffic. The new densities are evidently low enough to create damaging spillover 
queues as ACC market shares grow in the future. 

Future damage will be illustrated for city streets. Their shorter link lengths (relative to freeways) render them especially vulnerable 
to spillover problems caused by less-compacted queues. Rather than relying upon models that appear suspect in James et al. (2019), 
assessments were performed using the car-following model formulated in Gipps (1981) and resident in the Aimsun microscopic traffic 
simulation platform (Aimsun, 2017). As will be described in Section 3, the parameters of this model were separately calibrated to 
replicate the fundamental diagrams for seven distinct ACC classes, these being: each of three settings for preferred following-distance 
available on the ICE-powered cars used in the present field experiments; and the four settings available on our lone EV from which 
measurements were extracted. The same resident car-following model with suitably calibrated parameters was used to emulate fully- 
human-controlled cars. When possible, the calibrated models for each car class were constrained, to generate queue discharge flows 
and queued densities that were very close to the corresponding values estimated from the field data. Failing this, the models were 
calibrated to generate values favorable to ACC, to engender conservative predictions of future problems. 

The seven ACC classes were simulated in Section 4 for two distinct case-study sites: one an idealized version of Downtown Los 
Angeles, the other of Midtown Manhattan. The simulations were performed for each site over a wide range of plausible future patterns 
of technology adoption. To be conservative, assumptions favorable to ACC were adopted wherever possible.3 The impacts thus pre
dicted reflect best-case outcomes, but still signal impending problems for wide-ranging cases. An intervention to avert these problems 
is evaluated in Section 4 as well. Caveats to the present study and future research needs are discussed in Section 5. 

2. Field studies 

The experiments measured how the ACC-controlled test cars adjusted their spacings in response to their leaders, while traveling on 
real roads and a highway.4 The tests were conducted using the platoons previously described, each consisting of an ACC-equipped 
leader and either the two ICE-powered ACC-followers or the single EV, also ACC-equipped. Experiments took place only during off- 
peak times when traffic was light. In this way, platooned cars could safely alter their speeds in unison, to emulate entries into, and 
exits from, wide-ranging congestion states. 

In each experiment, the platoon leader initially traveled at a high speed that was pre-selected from a menu of free-flow rates, each 
to emulate what might occur on an uncongested facility of a particular type. The leader then decelerated to a lower speed that had also 
been selected a priori, this time from a menu reflecting a full range of congestion levels. The leader eventually returned to the initial 
high speed and the entire sequence of prescribed speeds was regulated by the leader’s ACC controller onboard. The term “cycle” will 
henceforth denote one sequence of high-low–high speeds. 

Each prescribed combination of high and low speeds was executed under each of the available options for preferred following- 
distance; and each set of combined speeds and preferred following-distance was performed for at least 12 cycles. The steps 
described below were taken to ensure that estimates were of steady-state conditions. 

Each high- and low speed was maintained for 10 s or more.5 Measurements to be described in secs. 2.1 and 2.2 were recorded at 
short intervals (of 0.04 s or 0.2 s), from which vehicle trajectories were constructed. Average vehicle spacing and headway were jointly 
determined for each period when the speed of a leader and its follower was approximately the same. 

A total of 1,264 joint measurements of average spacing and headway (and thus of their inverses, density and flow) were obtained in 
the above fashion from across all experiments. Certain details for the experiments involving the ICE-platoon were different from those 
involving the platooned EV. These details are described below, starting with the ICE experiments. 

2.1. Ice-platoon (Toyota Corollas) 

This set of experiments involved the 3-car platoon and was comprised entirely of ACC-equipped, ICE-powered Toyota Corollas of 
model year 2020. Measurements were extracted from the platoon’s second and third test cars. Two facilities in South Florida were 
used.6 

Experiments began on the shoulder of a facility, where the second and third Corollas were each physically separated from its 

3 Favorable assumptions include: (a) no future growth in travel demands via cars that would on their own add to future congestion; (b) optimistic 
EV adoption rates, which by our observations would be less damaging to traffic flows for reasons demonstrated in due course; (c) no short-length 
turn lanes that would have been especially susceptible to queue spillovers; (d) the smallest value for present-day, human-generated jam density 
found in the literature, to minimize the problematic differences with still smaller, ACC-induced densities; and (e) still other ACC-favoring as
sumptions to be described in due course. In further deference to ACC, the estimates of congested densities in Shi and Li (2021) and Li et al. (2022), 
which are even smaller, and thus more worrisome than ours, were excluded from present analyses.  

4 Conducting the field experiments on distinct facilities was not viewed as a concern, since ACC responses are reportedly independent of road type 
(Xiao & Gao, 2010).  

5 Slightly shorter durations were often used when entire platoons were brought to a stop, since conditions were thereafter not changing with time 
and were thus fully in steady state.  

6 These facilities were: (1) an 8-km stretch in both directions of US Highway 441 (between Atlantic and Boynton Beach Blvd.) in Delray Beach; and 
(2) a 4-km stretch in both directions of Flying Cows Rd. (between US Highway 98 and Rustic Rd.) in Wellington. 
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respective leader by 1.4 m, as measured from leader’s rear to follower’s front.7 Once in a travel lane, the leader then: accelerated to the 
speed of 88 km/h; decelerated to one of the lower speeds from the menu of {72, 56, 40, 24, 0} (km/h); and returned to the initial speed 
of 88 km/h, so that a new cycle might ensure shortly thereafter.8 Speedometer readings for each of the three platooned cars were 
automatically recorded at 0.2-s intervals. Resulting estimates of the distances traveled over each time step were recorded using On
board Diagnostics II data loggers. 

A re-initialization to re-separate platooned vehicles (by 1.4 m) was performed following every two cycles. This, to limit systematic 
measurement errors in each vehicle’s speedometer, which might have accumulated with distance traveled. 

2.2. Ev-platoon (Hyundai IONIQ 5) 

The second set of experiments featured a 2-car platoon of ACC-equipped EVs; the leader a Toyota Camry (model year 2021) and the 
follower a Hyundai IONIQ 5 (model year 2022). Measurements were extracted from the latter. It came with an additional setting for 
preferred following-distance, that being: extra-long. Isolated, low-trafficked stretches of three public roads in Northern California were 
used this time around for measuring ACC responses.9 

The lead vehicle decelerated from a speed that had been pre-selected from a menu of {95, 88, 72, 56} (km/h) to one of the lower 
speeds from the menu of {72, 56, 40, 24, 0} (km/h), and eventually returned to its earlier high speed. Lower-cost GPS devices produced 
by Racebox had by this time entered the marketplace and were now used to measure each vehicle’s geographic coordinates at 0.04-s 
intervals. These more precise devices eliminated the need for periodically re-initializing vehicle separations. Since platoons were now 
composed of 2 cars rather than 3, measurements were extracted over additional cycles, so that data points were of comparable number 
in each set of (ICE and EV) experiments. 

2.3. Data inspection 

A first order of business entailed looking for accumulative errors in our measurements of the ICE-platoon. Concerns were dispelled 
by Fig. 1. It presents median values of the densities and flows estimated from all first cycles (shown with unshaded data points) and 
second cycles (darkened points). Note that these data are further partitioned by both steady-state vehicle speeds (shown via light lines 
radiating from the origin) and preferred following-distance. Best-fit polynomial curves are included in the figure to aid in visual 
inspection. 

The figure makes clear that paired unshaded and shaded (i.e., first- and second cycle) data often exhibit differences, both in their 
densities and flows. But these differences are not large compared against the displacements between the data points and their best-fit 
curves. In short, the ACC responses display random variation, such that the visible differences between first- and second cycle estimates 
shown in Fig. 1 are to be expected and do not suggest systematically accumulating errors in measurement. We therefore used all the 
data collected in the field experiments, including those from the ICE-platoon extracted in second cycles. 

All the field-measured data are displayed in Fig. 2a and b for the ICE- and EV-platoon, respectively. The slightly enlarged, shaded 
data points are the median values for each cluster of data of the same vehicle speed and preferred following-distance. Best-fit curves 
through these medians are shown. 

Visual inspection of Fig. 2a reveals that the selection of the short following-distance produced an average queue discharge flow for 
our ICE-powered vehicle model (the apex of the figure’s darkest concave-shaped relation) that is greater than those reported of present- 
day traffic, e.g., Seeherman and Skabardonis (2013); TRB (2016). This is consistent with findings in Shi and Li (2021) and Li et al. 
(2022). Fig. 2b shows that the EV also displayed the highest discharge flow when the short following-distance was selected. The EV’s 
discharge flow was also high when the following-distance was set to medium. 

Turning attention now to jam densities, Fig. 2a reveals that estimates for the ICE-platoon are 106, 97, and 88 cars/lane-km, 
depending upon the preferred following-distance selected. Most of these estimates are larger than those in the two earlier-cited 
works but still smaller than what is commonly reported for traffic comprised solely of fully-human-controlled vehicles (Chiabaut 
et al., 2009; Hoogendoorn et al., 2015; Knoop & Daamen, 2017; Lárraga & Alvarez-Icaza, 2010; Li et al., 2022; Rakha et al., 2008). 
Note how the present estimates of jam density get smaller in Fig. 2a as the settings for following distance get larger. Hence for the ICE- 
powered ACC-car model tested here, settings that produce lower queue discharge flows also produce lower congested densities, and 
thus have greater potential for queue spillovers. 

The pattern is somewhat reversed for the EV presently tested, i.e., the selection of shorter following-distances produced lower jam 
densities, as is evident in Fig. 2b. Selection of the short- and medium distances produced jam densities akin to those of the ICE-cars 
when under the same distance settings.10 But setting the EV at long- and extra-long following-distances respectively produced jam 

7 The 1.4m distance was chosen arbitrarily, as a matter of convenience: that distance could be easily measured using the rear cameras on our test 
cars.  

8 The platoon decelerated to zero only when traveling on Flying Cows Rd., but not while on US 441.  
9 These were roughly 10-km stretches of Pendrick, Robben, and Sikes Rds. in the rural community of Dixon.  

10 In contrast to what is observed in Fig. 2a, the EV exhibits a jam density that is slightly larger under the medium following distance than under 
the short one. We attribute this (modest) difference to the (perhaps equally modest) idiosyncrasies of ACC technology. Moreover, the relatively small 
difference between the EV’s jam spacings under short and medium settings might be attributed to higher granularity: the EV came with a fourth (i.e., 
extra-long) setting not available on the ICE-powered cars. 
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synchronized with zero offsets, which is known to work well in congested settings (Daganzo & Lehe, 2016). 

4.2. Travel demands 

To roughly recreate real-world conditions presently observed during the morning rush, each of our idealized city’s congestion level 
was defined as its maximal rise in average vehicle pace (the maximum reduction in rush-hour speed), normalized by the average free 
flow pace. These were measured with Google Maps as in (Doig et al., 2024) for a large sample of real morning commute trips on city 
streets in Los Angeles and Manhattan. The real-world congestion level thus estimated for Los Angeles was 2.7 and the estimate for 
Manhattan was 5.0. 

Aggregate demands for the idealized versions of both cities were assumed to follow the time-varying pattern displayed by the 
cumulative count curves in Fig. 6. Note how the rates changed: from lower to higher at time 20 mins from the simulation’s start; back to 
the lower rate at time 60 mins; and to zero at 80 mins. The termination of demand at time 80 mins allowed all cars to be served by the 
end of each simulation. This, in turn, enabled us to assign finite travel times to all cars and thus draw comparisons across scenarios 
more effectively. The full cessation of demand also truncated lingering congestion at the end of a rush and is yet another feature of our 
analyses that works in ACC’s favor. The time-varying demand rates were scaled for each setting so that, when coupled with a time- 
invariant OD matrix of trip fractions to describe the spatial pattern of demand, the simulated congestion level for each idealized 
city matched its corresponding real-world estimate from Google Maps. 

All simulated origins and destinations occurred at intersections on the idealized grids. Trip fractions were the same for every OD in 
the matrix (i.e., OD pairs were uniformly and independently distributed over space), and trips between all OD pairs followed a Poisson 
process of equal rate. Each simulated vehicle entered the network on one of the four departing links of its origin intersection, when safe 
entry was possible and entry delays are included in all analyses to come. Upon reaching their destination intersections, vehicles were 
immediately removed from the network, with no added time spent looking for parking. 

4.3. Adoption forecasts 

We reasonably assume that adoptions will grow with time, not only for ACC (Calvert et al., 2017; Litman, 2020; Tillema et al., 
2017) but for EVs as well, such that ICE-powered cars will presumably decline in number (CARB, 2022; Choi, 2021; Lambert, 2021). 
Our illustrations will follow the guessed-at projections displayed in Fig. 7. We view these as optimistic, in the sense that other guesses, 
involving greater numbers of ICE-powered cars, for example, produced bleaker prognostications, though not shown here for brevity. 
Our optimistic guesses at various futures thus further facilitate conservative forecasts of ACC’s damages. 

Note from Fig. 7 that our projections entail (i) a nearer-term future in which half of all cars are equipped with ACC and half of these 
are EVs; (ii) an especially optimistic, more distant future in which 90 % of all cars are EVs equipped with ACC, and (iii) a more modestly 
optimistic, longer-run future in which 80 % of cars are of this latter class. Simulated outcomes for all these futures are compared 
against present-day conditions for which all cars are assumed to be fully human controlled. 

Recall that drivers of ACC-equipped cars are assumed always to engage the technology. These drivers are further assumed to select a 
preferred following-distance that does not change during a trip. The distribution of preferred distances for our ACC-driver populations 
was taken from the empirical study in Nowakowski et al. (2010), which to our knowledge is the only one of its kind. In it, 50.4 % of 
ACC-drivers reportedly select the short following-distance when driving their cars, 18.5 % the medium distance, and 31.1 % the long 
setting. It was assumed for the present analyses that drivers of ACC-controlled EVs select the long- and extra-long settings with equal 
propensity and total 31.1 % of all ACC-equipped EVs. 

4.4. Performance predictions 

Outcomes are presented for the Los Angeles- and Manhattan-inspired settings in Fig. 8a and b, respectively. The solid, bold curves 
are the aggregate demands for the respective sites. The thin solid curves display cumulative exit counts for the present day and the 
dashed and dotted curves are exit counts in the forecasted futures. Each exit curve is the average of 10 simulations with distinct random 
seeds.13 The curves are plotted in such ways that the area between a demand curve and an exit curve is the networkwide vehicle-hours 
traveled (VHT) for the respective case, and the vertical displacements between said curves are the time-varying vehicle accumulations, 
also network-wide. Visual inspection of the figures reveals that future traffic conditions are mostly predicted to be worse than at 
present – for both idealized cities. 

Further visual inspection indicates that the future is less bleak for the Los Angeles-like setting. This is thanks in part to its longer link 
lengths that bring greater queue-storage space. Still, Fig. 8a shows that networkwide VHT and accumulation (i.e., congestion) on the 
Los Angeles-like site are clearly worsened in our nearer-term future, when ICE-powered cars are expected to still comprise a large share 
of traffic. The VHT for this epoch is predicted to rise 12 % from the present-day mark. Delay (not shown by the figure) is predicted to 
rise by 25 %. 

Closer inspection of the dotted, nearer-term exit curve in Fig. 8a reveals why problems occur. Use of a straightedge would confirm 
that the slopes of that curve (i.e., network exit flows) began to diminish at around time 60 mins from the simulations’ start, when 

13 All outcomes to follow were averaged in this same fashion. 
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is in this case predicted to grow by 14 %, which is still considerable, but much better than 94 %. 
We note for emphasis that the dashed exit curve in Fig. 9 describes the very best outcome that ACC (alone) can achieve, subject to 

all our assumptions thus far adopted. Under these assumptions, VHT cannot diminish beyond what is dictated by said curve, i.e., this 
lower bound cannot be further diminished by altering our forecasts of ACC or EV adoption, nor by varying the distribution of preferred 
following-distances. The finding can be a bellwether for further research on the topic, and another promising example of this is offered 
below. 

5. Conclusions 

Field measurements of steady-state conditions with numerous observations of jammed states confirmed that in severe, low-speed 
congestion, queues of ACC-engaged cars are less-compacted than those of fully-human-operated vehicles. Though present estimates of 
severely congested and jammed vehicle spacings are less alarming than those from previous studies, our estimates raise concerns over 
queue spillovers. Simulations featuring car-following models calibrated to the new data and tested in two idealized settings illustrate 
that these lower-density, ACC-dominated queues spell trouble for many cities in the future, as ACC’s market share grows over time. 
Though the street networks in some cities may have queue storage space to spare, which might avert the problems presently predicted, 
our forecasts raise red flags even for car-centric, moderately congested cities, like our Los Angeles-inspired setting. Not surprisingly, 
queue storage problems were forecast to do greatest harm in our Manhattan-like setting, which featured short block lengths and 
already-high levels of city-street congestion. Perhaps what is surprising – and disquieting – is the extent of the damage predicted, 
especially since so many of our assumptions were conservative in this respect. 

The present study comes with caveats. These include the idealizations used for both the Los Angeles- and Manhattan-like settings. 
These idealizations should probably not lessen the concerns presently raised, however. It follows from Daganzo (1998) that the 
problems unveiled via our idealized settings will likely be amplified, not diminished, in more complex, real-world cities. 

Caveats also include the uncertainties inherent in the inputs to our forecasts, in terms of commuters’ future adoption behaviors 
toward ACC and EVs; and owing to the distribution of preferred following-distances that we used in many instances. Obtaining 
definitive inputs would be difficult to say the least, and we have argued why altering these data would likely do little to dampen 
concerns presently raised. Moreover, the inputs used in the present work are sufficient to unveil a possible way forward to a better 
future. 

This way forward is also linked to another caveat of the present study, that being: our field measurements, which were extracted for 
only one make and model of ICE-powered cars (Toyota Corollas of model year 2020) and from only one EV (a 2022 Hyundai IONIQ 5). 
The measurements from these cars were alone used to calibrate the traffic models used in our forecasts. Although Makridis et al. (2021) 
minimizes the concerns here by suggesting that ACC systems function similarly across manufacturers, our field measurements suggest 
something different, i.e., that ACC-engaged EVs are controlled differently from ACC-engaged ICE-powered cars, and that the former 
can produce smaller jam spacings and thus a better future. It is unknown to us, however, whether this favorable feature is common to 
other EV makes and models when operating under ACC. Still, the evidence that this sort of beneficial control is possible is encouraging 
on its own. 

5.1. Moving forward 

Given what was found regarding our lone EV, fine-tuning ACC controllers to select smaller spacings in congestion (particularly 
when jammed at red lights) may be a way forward for cities with limited queue storage. In addition to the favorable outcome presented 
in Section 4.6, other simulations (not shown for brevity) were performed after recalibrating ACC-cars to adopt jam spacings akin to 
present-day values, no matter the preferred following-distance selected by drivers. For our most optimistic longer-run future, the 
Manhattan-like setting saw networkwide VHT diminish by 39 % from the present day. This reduction may be less impressive than what 
has been promised by ACC’s advocates (USDOT, 2019), yet seems a hopeful outcome given present findings. Moreover, what had been 
our conservative assumptions (e.g., concerning link geometry and future demand levels) might in this new case be causing us to 
underpredict the benefits of the fine-tuned ACC controllers. 

Mandating shorter vehicle separations in congested traffic may, however, introduce genuine safety concerns, e.g., risks of rear-end 
collisions. Questions of liability might thus take center stage. And automobile manufacturers may worry about the comfort perceived 
by consumers when confronted with shorter following-distances. Adapting controllers as described above might therefore encounter 
resistance. 

Another option might be to prohibit use of ACC when driving in congested traffic, especially when on city streets. Such a ban would 
be akin to the calls in (GMC, 2023; Honda, 2022; Sparks, 2022; Volvo, 2020), and could now be justified not only for safety reasons, but 
on societal grounds too, i.e., to curb congestion and its externalities. However, limiting the use of a technology feature for which 
drivers have paid money might prove unpopular and difficult to enforce. It would, moreover, be a step backward in the march toward 
greater vehicle automation and would end (for a time) any pretense of self-driving technologies as panacea for congestion. We 
therefore imagine a reluctance to intervene in this way. 

The above uncertainties call for further research and deliberation. Time is of the essence: market share for ACC is growing steadily 
(Calvert et al., 2017; Litman, 2020; Tillema et al., 2017), and fixing problems post facto may be more difficult than addressing them 
proactively. Care and objectivity will be important as well, both for the researchers who conduct future studies and for the decision- 
makers who might eventually implement the findings. 

As regards the latter group, US DOT, for example, might better serve the cause by playing less the role of promoter and more that of 
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careful evaluator, and perhaps that of regulator. The likelihood that this institutional transformation will occur is not clear to us. A 
recent US DOT publication leaves room for doubt; see USDOT (2022), p. 20. It seemingly assigns responsibility for determining suitable 
control standards to the manufacturers of ACC-equipped vehicles. This transfer of authority strikes us as a troubling abdication. 
Perhaps leadership will come instead from state and local governments throughout the US, or perhaps from elsewhere in the world. 
Wherever it might come, leadership is sorely needed to confront the unintended consequence of ACC evidently now looming on the 
horizon. 
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