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Contrail Observation Limitations Using Geostationary
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Sebastian D. Eastham2 , and Ian A. Waitz1

1Department of Aeronautics and Astronautics, Massachusetts Institute of Technology, Cambridge, MA, USA, 2Department
of Aeronautics, Imperial College London, London, UK

Abstract Contrails are a significant contributor to aviation's climate impact with an effective radiative
forcing similar to that from aviation's CO2 emissions, yet large uncertainties remain. Many observational
contrail studies rely on data from a single sensor, in recent years increasingly from a geostationary imager,
accepting lower spatial resolution in exchange for higher temporal and spatial coverage. However, the ability of
geostationary imagery to resolve contrails has not been systematically characterized. By comparing higher
spatial resolution low Earth orbit satellite imagery from Visual Infrared Imaging Radiometer Suite (VIIRS) to
geostationary satellite imagery from GOES ABI, we show that the latter does not resolve 80% of the contrails
nor half of the total length compared to contrails identified with VIIRS. Our findings underscore the need for
multi‐sensor approaches to collect observational contrail data for improved validation of climate models and to
enable more rigorous and verifiable contrail avoidance strategies.

Plain Language Summary About half of aviation's climate impact is estimated to come from
non‐CO2 effects, predominantly contrails, which are the line‐shaped ice clouds that sometimes form behind
airplanes. Many contrails can be avoided by small aircraft altitude adjustments to bypass the often thin layers of
higher humidity in which they form and persist, making this an attractive opportunity for near‐term climate
impact mitigation. Since the ability to forecast the location of these thin regions in the upper atmosphere is
limited, studies often rely on observations of contrails in imagery from geostationary satellites instead.
However, the impacts of the limited spatial resolution of such geostationary images on contrail observations
have not been rigorously assessed. In this study, we compare images taken from low Earth orbit satellites, which
are higher in resolution, to those taken at the same time and location using a geostationary satellite. We find that
the lower‐resolution geostationary images miss 80% of the contrails observable with the higher‐resolution
instrument. These results have important implications for understanding contrail impacts and developing
observation and forecasting systems for avoiding contrails. The results suggest that it will be necessary to
combine information from multiple sensors to validate climate models and inform mitigation strategies.

1. Introduction
Condensation trails (contrails) are ice clouds that can form during the mixing of the hot, moist aircraft engine
exhaust jet with the ambient atmosphere (Kärcher et al., 2015). If formed in ice‐supersaturated air (Apple-
man, 1953; Jensen et al., 1998), contrails can persist for up to several hours (Gierens & Vázquez‐Navarro, 2018),
eventually spreading into contrail cirrus and becoming almost indistinguishable from natural cirrus clouds
(Haywood et al., 2009; Schumann, 1996). By interacting with incoming shortwave solar radiation and outgoing
terrestrial longwave radiation, contrails affect the radiative balance of the atmosphere. While an individual
contrail can be net warming, as is the case for all nighttime contrails (Meerkötter et al., 1999), or net cooling, on
average contrails have a warming impact on the planet (Bock & Burkhardt, 2016; Burkhardt et al., 2010; Bur-
khardt & Kärcher, 2011; Chen & Gettelman, 2013; Kärcher, 2018; Meerkötter et al., 1999; Teoh et al., 2024). A
recent meta‐study estimates that contrails account for approximately half of aviation's effective radiative forcing
(ERF) (Lee et al., 2021). However, most estimates of contrail climate impact and contrail cover are based on
modeling simulations, with few observations to validate the projections, leading to high uncertainties (Bier &
Burkhardt, 2022; Lee et al., 2021; Sanz‐Morère et al., 2020). Notwithstanding these uncertainties, it is understood
that contrail climate impacts can be significantly reduced if the regions that support contrail persistence are known
and operationally avoided. The concept of contrail avoidance leverages the fact that ice‐supersaturated
layers generally are limited to a few hundred meters in altitude. Flights can be vertically deviated to avoid
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these regions and therefore mitigate the formation of persistent contrails and their associated radiative impacts
(Teoh et al., 2020).

Satellite‐based observations of contrails can provide critical insight for both climate modeling and operational
avoidance. Specific use cases include the assessment of contrail climate impacts, the evaluation of model pre-
dictions of an individual contrail's extent and evolution, and the assessment of model predictions of humidity, as
well as the identification of regions for operational contrail avoidance and the retrospective assessment of contrail
formation for monitoring, reporting, and verification (MRV).

While some early investigations of contrails relied on ground‐based observations from humans (Minnis
et al., 1997, 2003) and more recently from ground‐based cameras (Low et al., 2025; Mannstein et al., 2010;
Schumann et al., 2013), most observational studies have applied satellite‐based remote sensing to determine
contrail cover, derive estimates of physical parameters and radiative forcing, and identify regions where contrails
not only form, but also persist for several hours. Many satellite‐based studies automated their contrail detection
using line filters to identify linear contrails (Mannstein et al., 1999) or used specially trained convolutional neural
networks to identify contrail pixels (Kulik, 2019; Meijer et al., 2022). Most of the earlier contrail investigations
applied these approaches to data collected from polar‐orbiting satellites in the low Earth orbit (LEO) (Bakan
et al., 1994; Bedka et al., 2013; Duda et al., 2004, 2013, 2019; Mannstein et al., 1999; Meyer et al., 2002; Minnis
et al., 2005, 2013; Palikonda et al., 2005), whereas in more recent years, there has been a shift toward leveraging
data from geostationary (GEO) platforms (Chevallier et al., 2023; Geraedts et al., 2024; Kulik, 2019; Meijer
et al., 2022; Ng et al., 2023; Vázquez‐Navarro et al., 2015; Wang et al., 2022). Instruments onboard GEO
platforms, including the Geostationary Operational Environmental Satellite (GOES) series, enable sustained
large‐scale assessments due to their near‐hemispherical spatial coverage and continuous temporal sampling
(every 5–10 min), contributing to their appeal over LEO data, especially for real‐time identification of regions for
operational contrail avoidance. The successful implementation of contrail avoidance relies on identifying three‐
dimensional regions where conditions support contrail persistence. Since weather forecast‐based approaches
cannot reliably resolve the upper atmospheric humidity to the level required (Agarwal et al., 2022; Gierens
et al., 2020), avoidance regions are often estimated based on the widely available real‐time observations of
contrails from geostationary satellite data combined with altitude information from flight attribution (Chevallier
et al., 2023; Gierens et al., 2020; Sonabend‐W et al., 2024).

However, previous investigations have shown that observations from geostationary platforms do not sufficiently
capture the occurrence of optically thin or geometrically narrow contrails due to the coarser resolution of the
instruments. Contrail lifetime analysis from automated contrail detections showed that, due to limited instrument
sensitivities, the total lifetime from initial formation to dissipation is expected to be up to three times greater than
that observed from an infrared instrument onboard a geostationary satellite (Gierens & Vázquez‐Navarro, 2018).
Simulations of the appearance of linear contrails over clear sky with an ocean background in satellite imagery,
similar in resolution to that of the GOES Advanced Baseline Imager (ABI), indicate that such instruments can
resolve less than half of the modeled contrail population, in this “best‐case observability” scenario (Driver
et al., 2024). These two studies imply additional downstream effects on contrail MRV. The implications for
identifying ice‐supersaturated contrail avoidance regions are less straightforward.

Some studies have combined data from GEO and LEO satellites (Duda et al., 2004; Minnis et al., 2008, 2013;
Vazquez‐Navarro et al., 2010; Vázquez‐Navarro et al., 2015). Others have simulated contrail occurrence to
quantify contrail cover and compare it to observational estimates (Kärcher et al., 2009) or to model the obser-
vational capabilities of different satellite imagers in capturing contrails (Driver et al., 2024). However, to our
knowledge, no study to date has systematically compared observations of a set of identical scenes in time and
location across different remote sensing instruments and tied the findings to the range of use cases mentioned
earlier. In this work, we present contrail observations from two different imagers, ABI (2–3 km resolution) and
the Visual Infrared Imaging Radiometer Suite (VIIRS; 750 m resolution) that, for the first time, enable a large‐
scale comparison between contrails in GEO and LEO satellite imagery. We address the shortcomings in previous
observational studies and derived contrail impact modeling by investigating the limitations in contrail observ-
ability of the ABI instrument. Our data set contains 1,667 and 7,731 individual contrail objects in ABI and VIIRS
false‐color imagery, respectively, manually identified in 12 distinct scenes, which are evaluated for total cover,
effective width, and length distributions.
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2. Data and Methods
2.1. Data Set and Images

Our data set consists of 12 scenes over the contiguous United States, varying in coverage between 1,273,152 km2

and 7,196,251 km2. One scene from each month in the period of December 2023 to November 2024 is included.
See Table S1 in Supporting Information S1 for an overview. Scene selection was based on the availability of a
VIIRS swath with significant overlap with the GOES CONUS (contiguous United States) region, while seeking to
represent a range of scenarios for cloud cover, cloud types, and their co‐occurrence with contrails. For each scene,
a VIIRS NASA data product, provided on a regular latitude‐longitude grid, from one of the three polar‐orbiting
satellites NOAA‐20, NOAA‐21, or Suomi NPP was accessed. The resulting spatial resolution of these projected
images is about 500 m. For GOES‐16 ABI, data from the five‐minute time step closest to the time assigned to the
VIIRS image were taken and reprojected onto a regular grid of 0.2° by 0.2°. False‐color ash images were
generated and stored as GeoTIFF rasters with EPSG:4326 as their coordinate reference system. The ash com-
posite uses brightness temperatures and brightness temperature differences in the infrared spectrum to highlight
both contrails and natural cirrus in dark blue (Meijer, 2024), a characteristic which, alongside their generally
linear appearance, allows us to identify contrails in the imagery. These properties were leveraged by two trained
individuals to label all visible contrails in the 24 images in the data set—one fromGOESABI and one fromVIIRS
for each of the 12 scenes—using the open source geographic information system QGIS (Quantum geographic
information system). In the software, the data are displayed in full resolution in the equidistant cylindrical Platte
Carrée projection. A displacement between the same contrail observed with the two different imagers stems from
parallax (due to differing viewing geometries) and advection (the images were taken up to 2 min apart).

2.2. Contrail Objects

Labels were created directly as shapefiles in QGIS to preserve spatial information and store each label as a
polygon object, thus allowing for an individual investigation of the properties of each contrail on its own. The
number and lengths of the contrails were derived from the individual objects. The length of a contrail segment was
approximated as the length of the centerline of the longer side of a minimum rotated bounding box around the
polygon object with the total contrail length within each image comprising the sum of the lengths of all contrails
labeled in the image. The effective width, as previously introduced in other studies (Vázquez‐Navarro
et al., 2015), is defined as the quotient of the area of the polygon and its length. The contrail area cover within one
scene was retrieved from a binary mask in the native image's resolution that highlights all contrail pixels in the
image rather than from the sum of the individual polygon areas to avoid double‐counting of overlapping contrails.

2.3. Contrail Downsampling

For the downsampling analysis, each VIIRS contrail was coarsened such that its downsampled outline aligns with
the ABI image grid. To obtain an upper‐bound for the increase in contrail width, all pixels on the ABI grid
intersected by the overlaid VIIRS contrail were considered to constitute the respective downsampled contrail. The
effect on the contrail length was neglected such that the resulting effective width was calculated from the
downsampled contrail area divided by the original contrail length. The downsampling factor is defined as the ratio
between the width or cover of the downsampled contrail and its respective original value.

3. Results
3.1. Number of Observed Contrails

Contrail labels on ABI and VIIRS imagery for one of the investigated scenes are shown in Figure 1a. (See all
scenes in Supporting Information S1, Section 1). We find that there are two types of ABI omissions: individual
contrails missed in a cluster of identifiable contrails (Inset 1) and missed clusters (Inset 2).

We find that on average, across all scenes studied here, 20% of individually identifiable contrails as manually
labeled in VIIRS images are observed with ABI. However, in Figure 1b we see that this percentage varies
substantially across different scenes, ranging from 6.6% to 34.3%.

Geophysical Research Letters 10.1029/2025GL118386
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3.2. Observed Contrail Length

In two‐thirds of the scenes, ABI resolves less than half of the total contrail length that is observable with VIIRS.
For the individual scenes, the estimated total contrail length fromABI images ranges between 20.7% and 66.4% of
the total contrail length derived from VIIRS with an average of 42% when considering the full data set (see Figure
S13a in Supporting Information S1 for distribution).

To explain why the number of contrails missed by ABI compared to VIIRS is greater than the missed total contrail
length, we examine the individual contrail lengths that contribute to the aggregated value. The respective dis-
tributions for ABI and VIIRS are presented in Figure 2a. Half of the contrails observed with ABI have estimated
lengths between 30 and 70 kmwith the number of observations gradually decreasing for longer contrails, and only
four observations falling into the category of shorter than 10 km. This distribution differs notably from the one
obtained for VIIRS for which more than half of all visible contrails are between 10 and 30 km long. The number of
observations decreases with increasing length, while VIIRS resolves more contrails in each length partition
compared to ABI. However, the relative difference between the two diminishes with increasing contrail length.
Under the assumption that most contrails identified with ABI are a subset of those identified with VIIRS, this
implies that ABI tends to miss more shorter contrails than longer ones. This is particularly striking for contrails

Figure 1. Contrails identified from both ABI (blue) and VIIRS (red) imagery on top of map showing scene extent for the
scene on display. Insets show exemplary cases in which ABI misses contrails that are identified using VIIRS (a). Parity plot
with contrail density in [ 1km2 ] as observed with ABI and VIIRS, respectively, for all 12 scenes. Shaded area represents min‐
max range of ABI

VIIRS‐ratio for those scenes. The average ratio for the whole data set is represented by the dashed gray line (b).

Figure 2. Absolute frequency of occurrence of observed contrail lengths (a) and widths (b) in VIIRS (dark red) and ABI (white with blue edge) imagery for all contrails
in all scenes.

Geophysical Research Letters 10.1029/2025GL118386
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measuring less than 10 km, a population that makes up 10% of all VIIRS contrails in the data set. These shorter
contrails are more prone to being missed by ABI, thus, while contributing less to the lower observed total length,
reduce the ratio of the number of contrails observable from ABI.

3.3. Contrail Width and Cover

Figure 2b shows the number of observations in different effective width bins for all contrails identified from ABI
and VIIRS imagery, respectively. While the ABI distribution is concentrated around its peak between 4 and 5 km
with a decrease in either direction, 85% of all VIIRS contrails appear with widths below 3 km. Most notably, a
third of all VIIRS contrails have an effective width between 1 and 2 km, a population that is not only negligible for
ABI, but also lies below the instrument's minimum resolution and thus its practical limit for resolvable features.

Due to the generally high aspect ratio of contrails, resolution has a smaller effect on accurately resolving the
length of a visible contrail, whereas the impact on the widths of the contrail observations is measurable. Certain
narrow contrails do not meet the threshold to be resolved by the instrument and thus do not appear in the resulting
image. However, some contrails that are observable can appear smeared due to undersampling, such that inac-
curate width and area cover estimates are derived. We can see this by comparing the subgroups of wider contrails
between ABI and VIIRS in Figure 2b. Unlike for the length distribution in Figure 2a, the number of ABI ob-
servations exceeds the number of VIIRS contrails within certain categories, namely, for contrails with an effective
width above 4 km. Leveraging the previous assumption that the contrails observed with ABI are a subset of those
identified using VIIRS, the higher frequency of wider contrails observed in imagery from ABI compared to
VIIRS suggests that the lower resolution of ABI results in contrails appearing wider. This “blurring effect” results
in an overestimate of the width and thus area of an individual contrail and has been pointed out previously for both
natural cloud patterns (Shenk & Salomonson, 1972) and contrails (Driver et al., 2024).

The two identified factors, reduced number of contrail observations and increased observed width for certain
observations, result in counteracting effects on the contrail area cover derived from ABI observations. Unlike for
the underestimation in the number and the total length of contrail observations, we see more variation among the
scenes. Considering all 12 scenes, the ABI‐based estimate varies between 39.2% and 145.2% of the contrail cover
identified using VIIRS. In five out of the 12 scenes, the contrail cover in the ABI imagery exceeds the cover
observed with VIIRS (see Figure S13b in Supporting Information S1 for distribution of observed contrail cover).
These five scenes correspond with those with the highest fractions of total contrail length observed with ABI
relative to VIIRS.

3.4. Cover Overestimation

Contrail modeling and subsequent forcing estimates require accurate observational data for model validation,
limitations to which we have pointed out (Burkhardt et al., 2010; Marquart et al., 2003; Meyer et al., 2002; Sanz‐
Morère et al., 2020). We quantify the “blurring effect” we observe for lower‐resolution ABI imagery on observed
contrail widths and cover by downsampling all contrails observed in VIIRS images to the resolution of the
respective ABI images. The inset in Figure 3b visualizes the downsampling approach described in Section 2.3
with the dark red polygon showing an exemplary VIIRS contrail and the light red feature below representing the
respective downsampled polygon on the coarser ABI image grid. This framework provides an upper bound to
quantify the impact of lower‐resolution on contrail cover overestimates. Since the respective length and width
distributions in Figure 2 show that the differing resolutions only marginally affect the observed length, we assume
the effect on the contrail length to be negligible and focus on the ABI overestimate of contrail width, which in turn
drives the effect on the observed contrail area cover.

Figure 3a illustrates the distribution of effective contrail widths for the three subgroups of contrails: observed with
ABI, observed with VIIRS, and VIIRS downsampled to the ABI resolution. The mean effective contrail width,
represented by the horizontal black bars, differs between VIIRS (2.35 km) and ABI (4.94 km) by a factor of 2.1.
The resulting average for the downsampled VIIRS contrails (5.33 km) exceeds the value for ABI by 8%, showing
that our approach leads to a reasonable approximation for the average “blurring” effect. Before (after) down-
sampling the VIIRS contrails, 97% (96%) of contrails lie within a range of approximately ±2 km from the
respective average width. 96% of the downsampled VIIRS contrail widths are greater than 4 km while we identify
contrails with widths as small as 2 km with ABI. This discrepancy stems from our upper‐bound approach, which
accounts for all intersected grid cells being considered covered. Since the minimumwidth of an ABI pixel is about

Geophysical Research Letters 10.1029/2025GL118386
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2 km, a VIIRS contrail has to lie exactly within the bounds of a row or column of pixels to be less than 4 km wide
after downsampling.

We further introduce the downsampling factor, the ratio between downsampled and original contrail width, to
quantify the effect of downsampling a VIIRS contrail on its width, and thus individual cover. Figure 3b reveals an
inverse correlation between original contrail width and the downsampling factor. All contrails experiencing a
downsampling factor greater than the mean (2.37 as indicated by the dashed black line) are less than 4.13 km
wide, implying amplified blurring for narrower contrails. The density distribution on the right implies that 91% of
VIIRS contrails experience a downsampling factor between 1.5 and 3.

If all contrails observed with VIIRS were also visible in ABI imagery, the contrail cover derived from ABI could
be more than twice as large as that derived from VIIRS. Since we have shown that ABI resolves fewer contrails
than VIIRS (see Figure 1b) and that wider contrails experience weaker blurring (see Figures 2b and 3b), we
confirm our assumption that ABI is more likely to miss narrower contrails.

4. Conclusion and Discussion
Our scene‐aggregated analysis for the number, total length, and observed cover of contrails shows that on average
ABI misses about 50% of the total length and 80% of all contrails that can be observed using data from the higher‐
resolution instrument VIIRS in the same region and at approximately the same time. This fraction of unobserved
contrails exceeds the estimates modeled by Driver et al. (2024), while this study derived a best‐case estimate, thus
providing a lower bound. The limitations in the contrail observation performance of geostationary satellite im-
agery affect both their utility to evaluate climate forcing models and to identify avoidance regions for operational
contrail mitigation, with the latter also relying on the observed total contrail length as a measure to evaluate the
effectiveness of avoidance trials (Sonabend‐W et al., 2024).

An analysis of the geometric properties of the individual contrails, such as their individual lengths and effective
widths, reveals that lower‐resolution imagery fails to resolve both shorter and narrower contrails. The latter, in
many instances, fall below the physical observability threshold that is given by the instrument's minimum pixel
size, limiting the applicability of GEO observations for assessing model predictions of the extent of individual
contrails. The missed shorter contrails can either be non‐persistent and thus of negligible radiative impact, may
grow enough to eventually become identifiable in subsequent frames from GEO satellites, or may be persistent
and yet remain unobserved by geostationary imagers. Model‐based contrail forcing analyses suggest that more
aged and wider contrails, which, as we showed, are more frequently observed with ABI, contribute dispropor-
tionately to the overall contrail climate impact (Burkhardt & Kärcher, 2011; Chen & Gettelman, 2013; Schu-
mann, 2012). This indicates that the fraction of contrail forcing represented by the contrails observed with GEO
imagers compared to VIIRS is likely greater than the observation rate of 20% of individual contrails we found. A

Figure 3. Violin plot with the distributions of effective contrail widths for all VIIRS (dark red), ABI (blue), and downsampled VIIRS (light red) contrails. The center
black horizontal line in each violin represents the average contrail width for the respective subgroup (a). Distribution of downsampling factor, which describes the width
(cover) ratio between the downsampled and the original VIIRS contrail, versus originally observed contrail width. The average is indicated by the dashed black line. A
density distribution of the downsampling factor is given on the right y‐axis. The inset further shows an example of the outline of a VIIRS contrail (dark red) and the
pixels of its downsampled counterpart (light red) (b).
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quantitative assessment of this metric remains a key aspect of future research. While we point out that GEO
imagers might not resolve many young contrails, it should be noted that the comparatively high temporal fre-
quency of GEO observations enables satellite‐based assessments of the evolution of individual contrails over
time. Future work could leverage this opportunity to provide more temporal context for both the contrails
observed and those that were potentially not yet observed with ABI and thereby observationally bound their
respective potential radiative impact. This is currently not possible using only LEO imagers due to their long
revisit times. Future studies should consider additional image frames and conduct a temporal analysis to capture
their evolution to help assess the importance of these omitted contrails and thus further define the implications for
identifying regions for navigational avoidance.

Although our results imply limitations in the completeness of GEO observations, there are nuances to how this
affects the contrail regions that are derived for deviations. Figure 1a reveals essentially two categories of cases in
which contrails are visible with VIIRS but not with ABI. In some instances, ABI omits individual contrails in
regions and clusters that are well identified due to neighboring contrail observations (see Inset 1). In other in-
stances, VIIRS reveals additional clusters and regions of contrails that cannot yet, or at least not to their full
extent, be identified with geostationary imagers (see Inset 2). Nonetheless, while GEO observations miss 80% of
contrails that can be observed with higher‐resolution instruments, geostationary satellite data can provide key
information on ice‐supersaturated regions that is also crucial for real‐time navigational contrail avoidance.
Missing large numbers of contrails that are observed from other platforms within these regions, therefore, does
not necessarily translate to the fraction of accurately identified avoidance regions and consequently does not
necessarily limit the success of navigational contrail avoidance approaches to the same degree, as those do not
require the identification of all contrails within a certain region, as shown in Inset 1 of Figure 1a.

However, geostationary imagery introduces uncertainty when determining whether or not a certain flight formed
a contrail. This also limits the fidelity with which model predictions of humidity can be characterized, which,
alongside the identified limitations on assessing avoided contrail lengths, impairs MRV for individual flights.
Further, the ABI's lower resolution leads to a misrepresentation of the observed contrails and subsequent over-
estimates of their widths and cover, up to an average factor of 127%, compounding uncertainty about contrail
climate impacts from missed contrail observations and individual contrail appearance. Future assessments should
match contrail observations in the respective images of each scene to decompose the effects of resolution limits
and missed observations by only considering VIIRS contrails that are also observed with ABI.

Nonetheless, we point out that comparing ABI observations to those from VIIRS does not provide an absolute
estimate of how many contrails ABI misses regarding the true population. VIIRS itself is an imperfect imager,
which cannot provide observational ground truth on whether contrails are present or absent. Subsequently, it only
reveals a fraction of the existing contrails that remain unobserved from ABI. While Kärcher et al. (2009) have
inferred from modeling that other polar‐orbiting imagers may miss up to half of all contrails, resulting in an
underestimate in contrail cover by around 35%, more precise observational ground truth is necessary, yet not
available to validate modeling output due to incomplete contrail observations, such as those fromGEO imagers, at
this time.

Further, we note that our findings are not expected to numerically translate to the statistical output of automated
contrail identification methods, which depend on the tuning of the detection parameters to balance the false
positive rate against the recall. The detection efficiency of the same method applied to the two data sets might
yield less pronounced discrepancies between contrails found in ABI images relative to VIIRS.

While our findings are limited by the number of scenes and the subjective judgment of human labelers, both of
which impact the quantitative results we present, they point out important contributors to uncertainties in how
much contrails reduce incoming solar radiation and add to longwave warming. However, contrail observations
from GEO imagers provide important and continuously sampled information for navigational avoidance.
Enhanced by higher‐resolution data, the information can be used to evaluate contrail climate models, especially
when the fraction of omitted contrail observations and the uncertainty around contrail widths and cover are well
understood. The use of observed contrail cover in contrail impact modeling would additionally need to consider a
representation of the underlying distribution of contrail optical depths such as the ones presented in Kärcher
et al. (2009) and Vázquez‐Navarro et al. (2015).
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We conclude that contrail observations from geostationary imagers have noteworthy limitations when used on
their own for individual evaluations of contrail formation and persistence, as well as for climate impact as-
sessments. Our results highlight the need for increased use of higher‐resolution imagers such as those onboard
polar‐orbiting satellites, as well as ground‐based cameras to better resolve individual contrails and complement
broadly available GEO data. This will enable us to move toward more refined contrail impact modeling and more
rigorous and verifiable avoidance approaches.
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