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1 Ranking of potential in the Tokyo metropolitan area from 1988 to 201810

Table S1 shows the top 20 zones by negative potential −V , using the commuter datasets of successive person-trip surveys from11

1988 to 2018 in the Tokyo metropolitan area.12

Over 30 years, Chiyoda city — the Imperial Palace and its surrounding areas — has been at the top of the potential. Its13

neighbouring cities, such as Minato, Chuo, Shinjuku, and Shibuya, had occupied the top five ranks by the potential over the14

years.15

Some zones, such as Naka ward in Yokohama city, Kawasaki ward in Kawasaki city, and Sumida city, have declined in the16

ranking from 1988 to 2018. On the other hand, some zones, such as Tachikawa and Akishima cities and Omiya ward in Saitama17

city, have raised their rankings.18
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2 Percentage of gradient components in London and Tokyo.19

The percentage R2 was evaluated by the transport methods in the London case (Table S2) and by year in the Tokyo case (Table20

S3).21

Transport Method Percentage

All 52.7
Public transport 63.7
Private car 21.5

Table S2. Percentage R2 of gradient component of home-work trips in London.

Year Percentage

1988 42.4
1998 41.3
2008 40.8
2018 37.4

Table S3. Percentage R2 of gradient component of home-work trips in Tokyo metropolitan area.

3 Distance deterrence effect.22

Distance is obviously an important factor of human mobility. This factor has been considered as a distance-deterrence23

function f (d) in spatial interaction models, such as the gravity model. We here integrate the function into the Hodge-Kodaira24

decomposition.25

We rewrite the optimization problem in equation (3) as

min
s

[
∑
{i, j}

[ f (di j)(s j− si)−Ai j]
2

]

= min
s

[
∑
{i, j}
| f (di j)|2

[
(s j− si)−

Ai j

f (di j)

]2
]

= min
s

[
∑
{i, j}

wi j
[
(s j− si)−Aw

i j
]2]

, (S1)

where

Aw
i j := Ai j/ f (di j)

wi j := | f (di j)|2.

With a weighted Euclidean inner product in the space A , 〈X ,W 〉= ∑{i, j}wi jXi jYi j, the problem is equivalent to an l2-projection
of A onto im(grad) and the minimal norm solution sw is given by,

sw
i =− 1

N

N

∑
j

wi jAw
i j =−

1
N

N

∑
j

f (di j)Ai j. (S2)

Figure S1 shows this distance-integrated potential sw in the London case, with a specified form of the distance-deterrence26

function, f (d) = exp(−di j/D). The parameter D was 31.12 km, determined by a linear regression with the formula Ai j =27

constant · exp(−di j/D), using the Euclidean distance di j between the centroids of the zones. As shown in Figure S1a, the28

landscape of the distance-integrated potential sw is similar to that of potential s without distance-integration. Figure S1b shows29

the scattering plot between s and sw. The points lie on a line, indicating a sublinear scaling of sw to s. This means that in the30

London case, the distance-deterrence effect rescales the potential s uniformly, and does not alter the relative rankings among31

the places by the potential.32
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Figure S1. Distance-integrated potential sw in the London case. (a) The potential is calculated by equation (S2), using the
same home-work trip data in Figure 3. (b) Scattering plot between the potential without the distance-deterrence effect, s and
with the effect, sw.
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