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Demographics

The population census 2000 provides age distributions in 5 year age bands by administrative area.
Figure S1a shows the age distributions of Shenzhen and Huangshan compared with that of China
overall. Most remarkable is the large proportion of people in their 20s in Shenzhen, clearly indicating
the population of migrant workers (cf. Figure 3 in the main text). It is also clear that the Chinese
population is demographically not stable. This could be due to the One Child Policy implemented in
1979, and other factors [1]. Due to the rapid changes in the demography there is little merit in
comparing the age distributions found in the study populations in 2007 with the population census
data from 2000 directly. In order to make the data more comparable, we project the age distribution
of the study populations back to the year 2000 by subtracting 7 years from each individual’s age and
re-normalising the distributions. While this is the best approximation to the actual age distribution
the study population would have had in 2000, it does not account for any deaths that would have
occurred between 2000 and 2007 (hence the proportion of the elderly tends to be lower in the back
projected distributions than in the census), and for any migration patterns. Figure S1 b to d compare
the age distributions from the census in 2000 with those of the study populations projected back to
the year 2000 for urban and rural Huangshan and Shenzhen, respectively. In Huangshan, the
distributions match fairly well for adults over about 35 years, but differ markedly for younger
people. This may be due to migration of the younger population. For Shenzhen, we compare both
the back projected and the current age distribution of the study population with the census data. In
the study population, the peak in the age distribution is less pronounced than that in the population
census, and interestingly the peak age (20-24 years) of the current (rather than the back projected)
study population matches that of the population census in 2000. This might be an indication of a
high turnover of the migrant worker population, whereas the broadening of the peak would be
explained by the ageing of the more stable local residents population.
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Figure S1: Age distributions in China. a) China (solid black line), Shenzhen (long dashed red line) and Huangshan (dashed
green line) from the population census 2000. b) Urban Huangshan from the population census 2000 (solid black line) and
urban Huangshan study population projected back to 2000 (long dashed red line). c) Rural Huangshan from the population
census 2000 (solid black line) and rural Huangshan study population projected back to 2000 (long dashed red line). d)
Shenzhen from the population census 2000 (solid black line), Shenzhen study population projected back to 2000 (long
dashed red line) and in 2007 (dashed green line).

In China, employment rates rise rapidly between ages 15 and 20 for both men and women. Between
20 and 50 years, employment is at its highest level, with around 95% of men, but only 85% of
women employed. After the age of 50, employment rates start to decline as people retire. However,
there are marked differences between regions. Both the urban study areas mirror the lower
employment rate for women with particularly low employment among Shenzhen women from their
mid-twenties onwards. Retirement age starts earlier than the national average. Rural Huangshan
shows very high employment rates (close to 100%) for both men and women and a much higher
retirement age, see Figure S2.
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Figure S2: Employment rates for men and women in the study populations compared to the overall employment rates
for China.

The proportion of the study populations in education is shown in Figure S3. Between the ages of 6
and 15, nearly full enrolment is achieved. Between 0 and 5 years, enrolment rates rise rapidly; urban
Huangshan has considerably higher enrolment rates in both very young children and older teenagers
than either rural Huangshan or Shenzhen.
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Figure S3: Student enrolment rates for the different study populations.

Additional detail on the regression analysis

For Huangshan students, the best fitting model includes age and urban/rural, with an interaction.
The fitted mean log commuting distance is therefore given by

In d = A+ Bage + Curb/rur + Dage*urb/rur '
Note that B, , =C,, =D

age*urb =

(S1)

Dy_gr =0 by definition. For Shenzhen students, the best fitting
model includes age and registration status, without an interaction term, such that the fitted mean
log commuting distance is given by

Ind = A+B,, +C

reg stat /

where B, , =C

(S2)
nreg = 0 *
For Huangshan employees, the best fitting model includes age, sex and urban/rural with no
interactions, and we have
In d = A+ Bage + Curb/rur + Dsex (53)
with BO—19 = Curb = Dmale

=0. For Shenzhen employees, the best fitting model includes age,
registration status and sex with interactions between age and sex and between registration status

and sex. Furthermore, migrant workers are included as a separate category. For Shenzhen local
employees, the fitted mean log distance is therefore given by

ﬂ =A+ Bage +Creg +D,,, +E

age*sex + l:reg stat*sex

(S4)



D...=E =E

parameters for these four models are displayed in Table S1 to Table S4. As expected, the p-values for

=F

N reg*sex

=F

egmate — 0 - The non-zero

with BO—19 = Cn reg = PMmate age*male 0-19*female

most parameters are highly significant.

Furthermore, we fitted lognormal distributions to the observed distances stratified by the categories
identified in the regression analysis. The parameter values of these are given in Table S5 to Table S8.
Although the fitted distributions shown in Figure 6 in the main text are visually quite convincing, the
p-values for many strata are very small, indicating a significant deviation of the observed from the
fitted distributions. This is particularly the case for the both Huangshan students and employees, as
the sharp cut-off around 30km in the distributions is difficult to capture.



Table S1: Fitted parameters (95% Cl) and p-values of Table S2: Fitted parameters (95% Cl) and p-values of

the best fitting linear regression models for Huangshan the best fitting linear regression models for Shenzhen
students. students.
coefficient p coefficient p

A 0.36 (0.20-0.51) |<0.01 A 0.54 (0.34-0.74) |<0.01

Bs 1 0.33(0.13-0.52) |<0.01 B, 11 0.18 (-0.06 - 0.41) |0.14

B 0.35(0.10-0.60) |<0.01 B 0.5 (0.2 - 0.8) <0.01

Bis 17 0.99 (0.76-1.23) |<0.01 Bis 17 0.9(0.6-1.2) <0.01

B, 1.3(0.9-1.6) <0.01 B, 2.1(1.7-2.4) <0.01

Cour 0.9 (0.6-1.2) <0.01 Creg -0.34 (-0.54 - -0.14) |<0.01

Ds svrur 0.3(-0.7-0.0)  |0.08

Diossr  [0.4(0.0-0.8) 0.06

Dis s7r  [0.4(0.1-0.8) 0.03

Digsrur 0.2 (-0.2-0.7) 0.31

Table S3: Fitted parameters (95% CI) and p-values of Table S4: Fitted parameters (95% CI) and p-values of

the best fitting linear regression models for Huangshan the best fitting linear regression models for Shenzhen

employees. employees.

coefficient p coefficient p

A 1.60(1.38-1.82) |<0.01 A -0.02 (-0.26 - 0.22) [0.87

Bao2 -0.22 (-0.43 - -0.01) |0.04 Bao2 0.6 (0.3-0.8) <0.01

Bass -0.43 (-0.64 - -0.23) |<0.01 Bao_s 0.73(0.47-0.99) |<0.01

Bio4o -0.55 (-0.75 - -0.35) |<0.01 Bio4o 0.6 (0.3-0.9) <0.01

B s .0.67 (-0.87 - -0.47) |<0.01 Bso s 0.4(0.1-0.7) 0.01

Bso. -0.82 (-1.03 - -0.62) |<0.01 Bso. 0.2(-1.0-05)  [0.49

o 0.19 (0.08-0.30) |<0.01 Creg 0.68 (0.53-0.82) |<0.01

Drerate .0.21(-0.25 - -0.17) |<0.01 Drermate 0.2 (-0.1-0.5) 0.25
Erosoemale  -0.4(-0.7-0.0)  [0.03
Eso-sortemate -0.9(-1.2--0.5) <0.01
Eisoverae  |-1.0(-1.3--0.6)  |<0.01
E50—59*female -1.2 (-1.7--0.7) <0.01
Ecoisferae  |-0.4(-1.3-0.5)  [0.40
Fregtenale 0,43 (0.24-0.62)  |<0.01




Table S5: Number of distances, number of distances used in the fit, parameter values (95% Cls) for the lognormal
distributions and p-values for the overall goodness of fit for to the different strata of the commuting distance
distributions for Huangshan students.

urb/rur |age N [N>1.45|4 o excess <1.45km p
urban 0-5 89 27/1.2(0.5-1.4) 0.48 (0.32 - 0.96) |0.683 (0.447 - 0.696) 0.35
urban 6-11 158 76/1.30(1.03-1.48) |0.56 (0.44-0.78) |0.495 (0.406 - 0.514) <0.01
urban 12-14 73 40/1.31(0.90-1.53) |0.53(0.38-0.86) |0.431 (0.260 - 0.450) <0.01
urban 15-17 81 66/1.62 (1.45-1.78) |0.50 (0.40-0.66) |0.180 (0.150 - 0.185) <0.01
urban 18+ 38 32/1.9(1.5-2.2) 0.62 (0.46 - 0.96) |0.151 (0.070-0.158) <0.01
rural 0-5 78 4712.1 (1.7 - 2.4) 0.80 (0.61 - 1.15) |0.388 (0.327 - 0.396) <0.01
rural 6-11 441 292|1.90 (1.81 -1.99) |0.60(0.54 - 0.68) |0.334 (0.329-0.337) <0.01
rural 12-14 | 351 3072.26 (2.16 - 2.34) |0.63 (0.57 - 0.70) |0.1241 (0.1217 - 0.1250) <0.01
rural 15-17 | 269 266|2.71 (2.62 - 2.81) |0.61 (0.55-0.69) |0.01109 (0.01080-0.01114) [<0.01
rural 18+ 100 100|2.79 (2.61 - 2.98) |0.74 (0.63 -0.90) |-0.0005 (-0.0042 - 0.0000) <0.01
Table S6: Number of distances, number of distances used in the fit, parameter values (95% Cls) for the lognormal
distributions and p-values for the overall goodness of fit for to the different strata of the commuting distance

distributions for Shenzhen students.

reg stat |age N |N>1.45|H o} excess <1.45km p

not reg |0-5 114 51}-13 (-2086 - 0) 4.3 (1.6 - 58.1) -499 (-0 - 0) <0.01
notreg |6-11 369 181|-18 (-2224 - -2) 5.5(2.5-60.3) -1270 (-0 --1) <0.01
notreg |12-14 |183 101}-6 (-2894 - 1) 3.9(2.1-78.2) -7.5 (- -0.0) <0.01
notreg |[15-17 | 127 80-7 (-3369 - 1) 5(2-92) -11 (-0 -0) <0.01
notreg |18+ 55 49|2.7 (0.6 - 3.5) 1.9(1.4-3.2) 0.01 (-0.69 - 0.09) <0.01
reg 0-5 50 16/1.3 (-38.5-1.8) 0.7 (0.4 - 6.6) 0.65 (-0 - 0.68) 1.00
reg 6-11 133 54-0.6 (-1568.5 - 1.2)[1.7 (1.0 - 45.0) -0.46 (-o0 - 0.49) 0.01
reg 12-14 86 53]-0.4 (-1830.0- 1.4)|1.8 (1.0 - 51.6) -0.8 (-0 -0.2) 0.08
reg 15-17 | 108 710.9 (-6.4-1.7) 1.5(1.0-3.7) 0.0 (-24.6 - 0.3) 0.68
reg 18+ 107 9312.4(1.8-2.8) 1.33 (1.06-1.79) |0.07 (-0.08 - 0.12) <0.01




Table S7: Number of distances, number of distances used in the fit, parameter values (95% Cls) for the lognormal
distributions and p-values for the overall goodness of fit for to the different strata of the commuting distance
distributions for Huangshan employees.

urb/rur [sex |age [N N>1.45| U o excess <1.45km p
urban |m |0-19 7 2|(-) (-) (-)

urban |m [20-29| 89  72[1.6 (0.9 -2.0) 1.0 (0.7 - 1.4) 0.10 (-0.24 - 0.17) <0.01
urban |m [30-39| 231| 166[1.75(1.51-1.93) [0.85(0.72 - 1.05) [0.24 (0.17 - 0.27) <0.01
urban |m |40-49| 213 154{1.84 (1.61 - 2.02) |0.83(0.70-1.02) |0.25(0.19-0.27) <0.01
urban |m [50-59| 85  58[1.5(0.7-1.9) 0.89 (0.66 - 1.42) |0.24 (-0.15 - 0.30) <0.01
urban |m |60+ 10 712.0(0.5-2.7) 0.6 (0.3-1.8) 0.2989 (-0.3453 - 0.3000) |0.25
urban |f |0-19 2 2|(-) (-) (-)

urban [f [20-29| 117| 88[1.5(0.9-1.8) 0.88 (0.68 - 1.26) |0.16 (-0.12 - 0.22) <0.01
urban |f 30-39| 227 154{1.55(1.27-1.74) |0.81(0.67 - 1.02) |0.27 (0.17 - 0.30) <0.01
urban |f 40-49 | 157 90|1.59 (1.32-1.79) |0.69 (0.56 - 0.92) |0.404 (0.336 - 0.421) <0.01
urban |f  |50-59 21 13(1.3 (-1490.7 - 1.8) |0.7 (0.4 - 43.7) 0.32 (- -0.38) 0.02
urban |f |60+ 1 0|(-) (-) (-)

rural m |0-19 74 60|2.1 (1.8 -2.4) 0.75(0.60 - 1.02) |0.181(0.136-0.188) <0.01
rural m |20-29| 289 236/1.98 (1.82 -2.11) |0.82(0.71-0.95) |0.163(0.134-0.175) <0.01
rural m (30-39| 553| 417/1.87(1.75-1.98) |0.82(0.73-0.92) |0.220(0.197 - 0.233) <0.01
rural |m [40-49| 688 511/1.62(1.50-1.73) |0.81(0.73-0.91) [0.209 (0.172 - 0.230) <0.01
rural m |50-59| 799 568(1.43 (1.34-1.51) |0.64 (0.58-0.71) |0.252 (0.226 - 0.268) <0.01
rural  |m |60+ | 546| 361/1.31(1.21-1.40) |0.58 (0.51-0.66) [0.303 (0.267 - 0.321) <0.01
rural  [f [0-19 | 46  431.9(1.2-2.2) 0.88 (0.65 - 1.41) |0.02 (-0.28 - 0.06) <0.01
rural [f [20-29| 340 254/1.72 (1.55-1.86) |0.80(0.70-0.94) [0.217 (0.173 - 0.237) <0.01
rural  [f [30-39| 564/ 384(1.58 (1.46 - 1.69) |0.72 (0.64 - 0.82) [0.286 (0.254 - 0.302) <0.01
rural  [f |40-49| 740 527/1.35(1.26-1.43) [0.61 (0.55-0.68) [0.249 (0.218 - 0.266) <0.01
rural f 50-59| 755 530/1.38 (1.31-1.44) |0.53(0.48-0.58) |0.278 (0.261 - 0.287) <0.01
rural f 60+ 438 278|1.30(1.21-1.37) |0.47 (0.41-0.55) |0.349 (0.328 - 0.359) 0.01




Table S8: Number of distances, number of distances used in the fit, parameter values (95% Cls) for the lognormal
distributions and p-values for the overall goodness of fit for to the different strata of the commuting distance
distributions for Shenzhen employees.

reg stat |sex [age [N N>1.45| 4 o excess <1.45km p
notreg /m [0-19 | 136 35[-0.3 (-1991.6 - 1.5)|1.7 (0.9 - 54.9) 0.3 (- -0.7) 0.23
notreg |m [20-29|1042| 5350.6(-0.3-1.1)  [1.5(1.2-1.8) 0.10(-0.40-0.28)  |<0.01
notreg |/m [30-39|1029| 555/1.5(1.2-1.8) 1.31(1.15-1.52) |0.34(0.24-0.39) <0.01
notreg |m |40-49| 528 271/1.3(0.5-1.8) 1.5(1.2-1.9) 0.31(0.03-0.40)  |<0.01
notreg |/m |50-59| 163 67(1.8 (0.8 - 2.3) 1.2(0.9-1.8) 0.54 (0.32 - 0.58) <0.01
notreg [m |60+ 26 82.3(-7.5-3.2)  [0.9(0.5-4.6) 0.688 (-7.582 - 0.692)0.62
notreg [f |0-19 | 154 53]-3 (-1550- 1) 2.2(1.0-42.3) -5 (-00 -0) 0.86
notreg [f [20-29| 835/ 3871.12 (0.64-1.38) [1.10(0.94-1.36) |0.38(0.20-0.46)  [0.17
notreg [f |30-39| 637 226[0.8(-0.5-1.3) 1.35(1.07-1.92) |0.44(-0.13-0.56) <0.01
notreg [f |40-49| 333| 101/0.3(-9.1-1.2) [1.4(1.0-3.7) 0.37(-61.38-0.62) [0.23
notreg [f |50-59| 68 17|-2 (-2665 - 2) 2.1(0.8-75.2) -0.37 (-0 - 0.73) 0.25
notreg (f |60+ 8 2((-) (-) (-)
reg m [0-19 0 0l(-) (-) (-)
reg m [20-29| 136| 108/1.7 (1.3-2.0) 0.99 (0.80-1.34) |0.13 (-0.05-0.18) 0.76
reg m |30-39| 248 193(1.7 (1.3 -2.0) 1.16 (0.96-1.47) |0.11 (-0.06 - 0.18) 0.01
reg m [40-49| 169 119(1.7 (0.9 -2.0) 1.2(0.9-1.6) 0.19 (-0.09 - 0.26) 0.38
reg m [50-59| 58 35(2.2 (1.7 - 2.6) 0.82 (0.61 -1.26) |0.389 (0.317 - 0.396) |0.83
reg m |60+ 6 1(-) (-) (-)
reg f |0-19 1 0l(-) (-) (-)
reg f |20-29| 108 83(1.87(1.54-2.10) |0.82 (0.66 - 1.10) [0.20(0.12-0.23) 0.75
reg f |30-39| 169 123[1.5(1.1-1.8) 0.93(0.74-1.25) [0.19(-0.01-0.24)  [0.50
reg f 140-49| 80 531.8 (1.4 -2.1) 0.76 (0.58 - 1.10) |0.318(0.217 - 0.335) |0.78
reg f |50-59| 16 712.3 (1.7 - 2.9) 0.46 (0.25 - 1.15) |0.562 (0.525 - 0.563) [0.97
reg f |60+ 5 3((-) (-) (-)

mig 1994| 209/-446 (-527 --6)  [12.0(1.5-14.3) |- (-o0 --17468)  |<0.01




Analysis of the frequency of occasional travel
If people travelled outside the target area randomly with a given frequency without any difference
between individuals, we would expect the number of journeys observed to be distributed across

n
individuals in the population according to a Poisson process with rate A = W' where N is the
number of journeys observed in the population and N is the population size. The expected number
Nk of people making K journeys given by

_N Ake
k!

N,

Table S9 shows the observed and expected number of people having made 0, 1 or more journeys as
well as the p-values of a )(2 -test. The p-values are very small for all study areas, indicating that not

all people travel with the same probability, but there are more people not travelling at all, and more
people making more than one journey than would be expected.

Table S9: observed and expected number of people having made 0, 1 or more than 1 journeys outside the study area
within the previous week for each of the study areas.

no of people not no of people making 1 | no of people making 2 | p-value

travelling journey or more journeys

observed | expected | observed | expected | observed | expected
urban Huangshan | 2089 2044 190 253 34 16 1.7-10°®
rural Huangshan 7864 7848 221 245 12 3.9 5.9-10°
Shenzhen 11482 11468 376 397 14 7.0 0.016

Gravity model fitting for the occasional travel distance distributions

Reconstruction of the travel distance distributions

For the datasets in Huangshan city, we know the origin of each journey by district (Tunxi district or
Xiuning county), for the Shenzhen dataset the origin can be anywhere within Shenzhen city. The
destinations of the occasional journeys were recorded at the level of county/district, city or
province. Some journeys had several destinations recorded, for the distance distributions these were
treated as separate journeys. For each origin-destination pair we calculated a distance distribution
by weighting the distances between any two points within the area of origin and the area of
destination by both population densities at the points of origin and destination. If there was only
one journey for a specific origin-destination pair, this was allocated the median distance, if there
were several journeys, they were allocated distances at the relevant percentiles of the distance
distribution. The population densities were obtained from the Landscan dataset [2,3] which gives
global population density estimates at a resolution of less than 1sqkm.

Binning the distance distributions
The travel distances were binned into bins of logarithmic width, where the maximum distance dk
within distance category Kis given by dk =f kdo. For a very fine level of aggregation we used

d, =0.5km and f =1.05, yielding around 200 distance categories, many of which had zero




observed journeys. As the chosen value of do was much smaller than the smallest travel distances,

we then combined as many categories K =0...K . as was necessary to have at least 5 distances

within the first category. We then further aggregated the remaining bins into groups of size N,
o
giving a new aggregation defined by d,. = ( f ”) d, with d, = f k““”do. In a last step we then

aggregated the last distance categories such that the new last bin contained at least 5 observed
journeys.

Dependence of the parameter estimates on the aggregation level

For the results presented in the main paper, we used N =12 . Here, we investigate the sensitivity to
this arbitrarily chosen level of aggregation. In order to ensure statistical validity of the fitting
procedure, we exclude any values of N so small that there are any bins with less than 5
observations. We furthermore exclude values of N so large that there are less than 6 bins.

Figure S4 shows the parameter estimates obtained for different levels of aggregation for the
Huangshan and Shenzhen. Although the parameter estimates show a slight variation across the
different aggregation levels, they are consistent across the range.

Huangshan
1.20
2.8
[ 1.15
2.7 [ ¢
. T s o 7 1.10 1 1
= 978 ¢ © _‘ $ I |
1.05 " 4 T 1
2.5 bi
1.00
2.4 .
T T T T T T T T
10 12 14 16 18 20 22 10 12 14 16 18 20 22
aggregation level n aggregation level n
Shenzhen
5.1 15
5.0 ) 1.4
= 49 O t 43 P
o 1 O ¢ o [l C ¢ |
4.8+ ' 124¢ ¢ T | ¢ 7
47 ' ! - 1.14
T T T T T T T T
6 8 10 12 14 16 18 6 8 10 12 14 186 18
aggregation level n aggregation level n

Figure S4: Parameter estimates with 95% confidence intervals for the fitted distance distributions by aggregation level.
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Allowing for a destination population power 7 #1
When we allow for a variable power on the destination population, the probability of observing a

journey within distance interval [k -1, k] is given by

p(d)=ck(@) T R 3 P

ieorigin - jid,_;<dj;<dy

With this, we again fitted a lognormal spatial kernel to the observed distance distributions at
different levels of spatial aggregation. The obtained parameter estimates are shown in Figure S1.
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Figure S5: Parameter estimates with 95% confidence intervals for the fitted distance distributions by aggregation level,
allowing for a variable power on the destination population density.

For the Shenzhen dataset, the fitted values of the population power 7 tend to be somewhat above
1, with 1 being in the area of the lower bound of the confidence interval. This means that the
number of people travelling to a particular area is approximately proportional to the population of
that area. However, for the Huangshan dataset, the fitted values of the population power 7 are very
small, indicating that the attractiveness of a travel destination does not depend on its population
size. The spatial kernel has a slightly shorter range than with a population power of 7 =1.
Comparing the fitted cumulative distributions (Figure S6) with those for the simpler model with the
population power fixed to 1 (Figure 7 in the main text), the additional parameter offers only a very
slight improvement in the overall fit.
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Figure S6: Observed and fitted cumulative distributions of travel distances for Huangshan and Shenzhen. Variable power
on the destination population for aggregation level n=12. Symbols = observed distributions, thick lines = fitted
distributions, pale lines = 95% credibility intervals of the fitted distributions.
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