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Abstract: Desire paths are the worn tracks people make when the planned walking
network does not follow the route they want to take. They have been mapped at city scale in the
United States, but, to our knowledge, not in Central Asia. Using the open OpenStreetMap
database for Almaty (snapshot of 28 September 2026), we tested a simple least-effort prediction:
informal shortcuts should appear where the walking network forces a long detour between two
points. We first planned to compare city parks, but the map is too sparse for that: only 7 of 127
mapped parks contain any way tagged with an unpaved surface. The test was therefore run city-
wide. Of 576 unpaved pedestrian ways, 78 are short enough to be shortcuts (600 m or less),
touch the mapped walking network (footways and walkable streets) at both ends, and have a
route between their ends. Walking between the two ends of these shortcuts along the network
takes a median of 2.16 times the straight-line distance, compared with 1.38 for randomly chosen
pairs of network points at the same distance within 1 km of each shortcut (Mann-Whitney z =
4.65 to 5.31 across 20 random baseline draws; matched sign test 56 of 78 above their own
baseline, p < 0.001). The median shortcut saves 108 m of walking, and 76 of 78 save distance.
The result holds when the length cut-off is changed to 300 m or 1,000 m and when neighbouring
shortcuts are grouped. It is consistent with least-effort theory, but it rests on the shortcuts
volunteers have mapped, and the most important finding about the data is that most of Almaty's
informal paths are not yet on the map.
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Introduction. A desire path is a track worn into grass or earth by people who repeatedly
take a route that the designed network does not provide. Such paths are cheap-to-observe
evidence of where a public space disagrees with the way people use it. In Detroit, Foster and
Newell mapped 5,680 informal footpaths from aerial imagery, with a combined length of about
157 miles, and linked them to vacant land and to trips toward everyday destinations such as
schools and bus lines [1]. A study of a closed desire path found that it was used about four times
more several months after closure than immediately after, suggesting that closing a shortcut
does not remove the demand for it [2]. Agent-based models have also been developed to predict
where desire paths will form in small neighbourhoods [3].

The common explanation is least effort: pedestrians minimise walking distance, and
repeated shortcutting across open ground wears a visible track. Transport research measures
how indirect a network is with circuity, the ratio of the network distance between two points to
the straight-line distance [4, 5]. If least effort is right, informal paths should appear where

circuity is high, that is, where the designed network makes walkers go a long way around.
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This study tests that prediction in Almaty using data that already exist online: do the ends
of Almaty's mapped informal shortcuts sit where the walking network makes people detour
more than it usually does? It also measures how well OpenStreetMap covers informal paths in
the city, which matters for any later work on this subject. OpenStreetMap is known to be close
to complete for roads in many countries [6], but its coverage of small informal paths has not
been assessed for Almaty.

Materials and Methods. Data. All pedestrian ways (OpenStreetMap tags highway =
footway, path or pedestrian), all walkable streets (residential, living street, service, unclassified,
tertiary, secondary and primary roads, their links, steps, tracks and corridors) and all mapped
parks (leisure = park, including multipolygon relations) inside the Almaty administrative
boundary were downloaded through the public Overpass API [7]. All three downloads have the
data timestamp 2026-09-28T01:41Z. OpenStreetMap data are openly licensed under the ODbL
[8].

Informal ways and the walking network. A way was classified as informal if its surface
was tagged as ground, dirt, compacted, unpaved, grass, earth, mud or sand, or if it carried
informal = yes. The walking network was defined as all footways, pedestrian ways and walkable
streets that are not informal and are not marked as closed to pedestrians or private, plus paths
with a recorded surface. Streets are included because in Almaty most sidewalks are not drawn
as separate ways but are part of the street itself. Paths without any surface tag (764 ways) were
left out of both groups, because they cannot be classified as either designed or informal. The
resulting network has 97% of its points in one connected piece.

Which shortcuts can be tested. Network lines were divided into points every 10 m, so that
the end of a shortcut can be attached to the nearest point of a line and not only to a junction. An
informal way was tested if it is at most 600 m long (longer ways are trails rather than shortcuts),
if each end lies within 25 m of the network, if its two ends attach to network points at least 10
m apart, and if a network route between them exists within 3 km.

Detour measure. For each tested shortcut, the shortest route along the network between
its two attachment points was computed with Dijkstra's algorithm, and divided by the straight-
line distance between the same two points. This ratio is the circuity of the network between the
ends of the shortcut: 1.0 means the network is perfectly direct, higher values mean a longer
detour. Walking distance saved is the network route, plus the short connections from each end
to the network, minus the length of the shortcut itself.

Comparison. For each shortcut, 10 pairs of network points were drawn at random from
the area within 1 km of the shortcut, with the two points of a pair at the same straight-line
distance as the shortcut's ends (within 15%). Their circuity was computed in the same way, from
network point to network point, so that shortcuts and comparison pairs are measured identically.
Circuity of shortcut ends was compared with the comparison pairs using a two-sided Mann-
Whitney test, repeated for 20 different random draws of comparison pairs. Because each
shortcut has its own comparison pairs, a matched sign test was also used: for each shortcut,
whether its circuity is above or below the median of its own 10 comparison pairs.

How the design changed. The first plan, written in September 2026, was to compare desire
paths inside parks, starting with Roshcha Bauma, and to test the angle of path corners and nearby
attractors such as entrances. When the data were downloaded, too few parks contained any
mapped informal path to support that plan (Results). A first city-wide version of the test used
footways only and was then corrected to include walkable streets, because without streets the
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network was broken into thousands of disconnected pieces. The results reported here are from
the corrected network.

Results. Coverage of the map. The city layer contains 21,434 pedestrian ways: 19,889
footways, 1,337 paths and 208 pedestrian streets. A surface is recorded for only 4,581 of them.
Of the 127 mapped parks, 73 contain any pedestrian way, 1,650 ways in total, and 1,228 of these
have no surface recorded. Only 12 parks contain any way tagged as a path, and only 7 contain
any way tagged with an unpaved surface; 48 of those 74 unpaved ways are in Roshcha Bauma.
A park-by-park comparison was therefore not possible with the current map.

Which shortcuts could be tested. Of 576 informal ways in the city, 196 are longer than
600 m, 278 have at least one end more than 25 m from the walking network, 10 have both ends
attaching to practically the same point, and 14 have no network route between their ends within
3 km. The remaining 78 shortcuts were tested. Their median length 1s 88 m.

The detours they avoid. Walking between the ends of these shortcuts along the network
takes a median of 225 m. The median circuity is 2.16 (interquartile range 1.31 to 3.95),
compared with 1.38 (1.07 to 2.22) for the 780 comparison pairs of the first draw (Figure 1).
Across 20 random draws of comparison pairs, the Mann-Whitney z ranges from 4.65 to 5.31,
all p <0.001. In the matched test, 56 of the 78 shortcuts have a higher circuity than the median
of their own comparison pairs and 22 a lower one (sign test p < 0.001). Of the shortcuts, 68%
sit where the network route is at least 1.5 times the straight line, compared with 40% of
comparison pairs.

Distance saved. Seventy-six of the 78 shortcuts are shorter than the network alternative
(Figure 2). The median saving is 108 m (interquartile range 29 to 316 m). Three shortcuts save
more than one kilometre; each connects two points that the mapped network joins only by a
long way around, which may reflect a real gap in the network or a missing link on the map.

Sensitivity. With a length cut-off of 300 m, 71 shortcuts are tested and the median circuity
1s 2.18 against 1.36 for comparison pairs (z from 4.48 to 5.01 across draws); with 1,000 m, 80
shortcuts, 2.16 against 1.34 (z from 4.78 to 4.91). Some shortcuts lie next to each other and may
describe one crossing. Keeping only one shortcut in each group within 100 m leaves 61, with a
median circuity of 2.18 and z = 4.52.

Discussion. The ends of Almaty's mapped informal shortcuts are located where the
walking network is unusually indirect, and almost every shortcut makes the walk shorter. This
1s what least-effort theory predicts, and it agrees with the Detroit study, where informal paths
were linked to places the planned network does not serve [1]: people cut their own paths where
the designed route asks them to walk too far. The difference is not small. At the ends of a typical
shortcut, the network route is more than twice the straight line, while for comparable points
nearby it is about one and a third.

The more important finding, however, is about the map itself. Informal paths are one of
the clearest signs of how a city is really used, yet in Almaty they are almost absent from the
open map. Only 7 of 127 mapped parks show any unpaved way, and three quarters of pedestrian
ways in parks have no surface recorded at all. The shortcuts that could be tested are only the
ones that volunteers happened to draw and tag. Any analysis of desire paths in Almaty, by
researchers or by the city, will need more complete mapping or another source, such as open
satellite imagery.

Limitations. The tested sample (78 shortcuts) is not a random sample of Almaty's desire
paths: it contains only paths that volunteers mapped and tagged, and it may over-represent the

most visible ones. Whether a way is informal is decided by its surface tag, not by direct
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observation. The walking network treats every street as walkable, although some wide roads are
hard to cross, and it may still have missing links, which is one explanation for the few very large
savings. The data show where shortcuts exist, not how many people use them. The analysis tests
only one predictor, the detour; other factors that may matter, such as the angle of a corner or the
pull of an entrance or bus stop, were not tested. The findings describe association and do not
prove why each path was made.

Conclusion. In Almaty's open map, informal pedestrian shortcuts appear where the
walking network makes people detour most: the network route between their ends is a median
2.16 times the straight line, against 1.38 for comparable nearby points, and the typical shortcut
saves about 110 m. The result holds across random draws, length cut-offs and grouping of
neighbouring shortcuts. The same data show that most of the city's desire paths are not yet
mapped, which is the first obstacle for any study, or any planning decision, that wants to use
them.

Data availability. All data are publicly available from OpenStreetMap through the
Overpass API; the queries and the analysis code are available from the author on request.
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Figure captions:

Figure 1. Circuity (network route divided by straight-line distance) between the ends of
78 informal shortcuts and for 780 random comparison pairs of network points at matched
distances within 1 km. Boxes show the interquartile range; values above the whiskers are not
drawn.

Figure 2. Walking distance saved by each informal shortcut, sorted, on a logarithmic
scale. Two shortcuts with no saving are not shown.
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