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Detailed methods

Determinate urban and suburban area
We used the MODIS land surface temperature (LST) Version 5 products MYD11A2

(http://modis-land.gsfc.nasa.gov/temp.htm), which is retrieved from clear sky observations

using a generalized split-window algorithm." Recently, these MODIS LST products are
widely used in urban heat island and other earth science studies.”” There are more details
about MODIS LST products in the MODIS PI maintained products website

(http://www.icess.ucsb.edu/modis/modis-Ist.html). The MODIS Global Land Cover Map6

defined the land cover type based on the IGBP land cover classifications. The “urban” pixels
are defined as land covered by buildings and other man-made structures.

We first used City Clustering Algorithm’ to determine the urban area for each big city.
We defined the suburban area as the buffer zone that is a percentage (50%, 100% and 150%)
of the urban area around the urban area. The detailed algorithm for the urban and suburban
area determination is as follows:

Step 1. Enqueue the pixel of the location for each big city, which was determined from a
geographical database ¥ as the root node into the search queue.

Step 2. Dequeue a node and examine the eight neighbours around it. If the land cover
type of the neighbouring pixel is urban land cover, add the neighbouring pixel into the queue,
and assign attribute of the neighbouring pixel as an urban pixel, otherwise assign attribute of
the neighbouring pixel as a non-urban pixel.

Step 3. If the queue is empty, every pixel in the queue has been examined — quit the
search and return the urban map, otherwise repeat from Step 2.

Step 4. After the urban map is returned, suburban area are defined as the buffer zone,
which is a percentage (50%, 100% and 150%) of the urban area around the urban centre based

on the distances of the non-urban pixels to the urban map edge.


http://modis-land.gsfc.nasa.gov/temp.htm
http://www.icess.ucsb.edu/modis/modis-lst.html
http://en.wikipedia.org/wiki/Graph_search_algorithm

Taking Beijing as an example, Figure 1 shows the Beijing land cover map and the urban
area map with three different suburban regions for areas are 50%, 100% and 150% of Beijing
urban area around Beijing urban area. To test the impact of different suburban area on SUHII,
we also calculated SUHII from a smaller suburban area (as 50% of urban area) and a larger
suburban area (as 150% of urban area) and found that the SUHII are similar as SUHII derived
from the suburban area equal to urban area (as 100% of urban area) (Figure S1). We test all
the analysis with the smaller suburban area (as 50% of urban area) and larger suburban area
(as 150% of urban area), and our conclusions are the same if the smaller suburban area (as

50% of urban area) or the larger suburban area (as 150% of urban area) are used.

Different drivers for daytime and nighttime SUHII and their seasonality

Figure S2-S5 shows the different divers for daytime and nighttime SUHII. Figure S2
shows that the vegetation fraction and EVI are the most important drivers for daytime
SUHIL " Nighttime SUHII is more related to albedo and nighttime light (Figure $3)."** The
seasonal amplitude of daytime SUHII (summer daytime SUHII minus winter daytime SUHII)
is driven by vegetation activity seasonality (EVI seasonality) (Figure S4), while the seasonal
amplitude of nighttime SUHII is more negatively correlated with MTO which is latitudinal
pattern (higher in tropic and lower in high latitude regions). The results of Figure S2-S5 are
summarized in Figure 4.

Figure S6 shows the spatial patterns of summer and winter daytime and nighttime SUHII.
In temperate regions in North Hemisphere, the summer daytime SUHII is larger than winter
daytime SUHII, summer daytime SUHII is similar with winter daytime SUHII in tropical
regions (Figure S6). Figure S6 is the source of the seasonal amplitude of daytime and

nighttime SUHII shown in Figure 5.
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Supporting Information Figure Legends

Figure S1. Comparisons of daytime (nighttime) SUHII derived from urban LST minus
different suburban areas’ LST. Comparison between daytime SUHII derived when suburban
area equal to the urban area (Daytime SUHII;p0%) and (A) daytime SUHII derived when
suburban area is 50% of urban area (Daytime SUHIls5y9) and (B) daytime SUHII derived
when suburban area is 150% of urban area (Daytime SUHII;s04); comparison between
nighttime SUHII derived when suburban area is equal to urban area (Nighttime SUHII;0y9)
and (C) nighttime SUHII derived when suburban area is 50% of urban area (Nighttime
SUHIIs5p%) and (D) nighttime SUHII derived when suburban area is 150% of urban area

(Nighttime SUHII,504,).

Figure S2. Spatial relationships of annual daytime SUHII with independent variables in
Figure 4. Relationships between annual daytime SUHII and (A) the difference in VCF
between urban and suburban (6VCF), (B) the difference in EVI between urban and suburban
(0EVI), (C) the difference in white sky albedo (WSA) between urban and suburban (6WSA),
(D) the difference in nighttime light (NL) between urban and suburban (6NL), (E) the
difference in population density (PD) between urban and suburban (6PD), (F) mean annual
temperature (MAT), (G) mean annual precipitation (MAP), (H) mean temperature for the
months which air temperature exceed 0°C (MTO0), (I) the sum of pixels of the urban area
(Peity), (J) seasonal amplitude of SEVI (Asgvi), (K) seasonal amplitude of 6WSA (Aswsa) and

(L) seasonal amplitude of temperature (Ar).

Figure S3. Spatial relationships of annual nighttime SUHII with independent variables in
Figure 4. Relationships between annual daytime SUHII and (A) the difference in VCF

between urban and suburban (6VCF), (B) the difference in EVI between urban and suburban



(OEVI), (C) the difference in white sky albedo (WSA) between urban and suburban (GWSA),
(D) the difference in nighttime light (NL) between urban and suburban (dNL), (E) the
difference in population density (PD) between urban and suburban (6PD), (F) mean annual
temperature (MAT), (G) mean annual precipitation (MAP), (H) mean temperature for the
months which air temperature exceed 0°C (MTO0), (I) the sum of pixels of the urban area
(Peity), (J) seasonal amplitude of SEVI (Asgvi), (K) seasonal amplitude of SWSA (Aswsa) and

(L) seasonal amplitude of temperature (Ar).

Figure S4. Spatial relationships of daytime SUHII seasonal amplitude (Apaytime sunm) With
independent variables in Figure 4. Relationships between annual daytime SUHII and (A) the
difference in VCF between urban and suburban (6VCF), (B) the difference in EVI between
urban and suburban (SEVI), (C) the difference in white sky albedo (WSA) between urban and
suburban (WSA), (D) the difference in nighttime light (NL) between urban and suburban
(ONL), (E) the difference in population density (PD) between urban and suburban (6PD), (F)
mean annual temperature (MAT), (G) mean annual precipitation (MAP), (H) mean
temperature for the months which air temperature exceed 0°C (MTO), (I) the sum of pixels of
the urban area (P.y), (J) seasonal amplitude of SEVI (Asevi), (K) seasonal amplitude of

OWSA (Aswsa) and (L) seasonal amplitude of temperature (Ar).

Figure SS5. Spatial relationships of nighttime SUHII seasonal amplitude (Anighitime sunm) With
independent variables in Figure 4. Relationships between annual daytime SUHII and (A) the
difference in VCF between urban and suburban (6VCF), (B) the difference in EVI between
urban and suburban (SEVI), (C) the difference in white sky albedo (WSA) between urban and
suburban (WSA), (D) the difference in nighttime light (NL) between urban and suburban

(ONL), (E) the difference in population density (PD) between urban and suburban (6PD), (F)



mean annual temperature (MAT), (G) mean annual precipitation (MAP), (H) mean
temperature for the months which air temperature exceed 0°C (MTO), (I) the sum of pixels of
the urban area (P.y), (J) seasonal amplitude of SEVI (Asevi), (K) seasonal amplitude of

OWSA (Aswsa) and (L) seasonal amplitude of temperature (Ar).

Figure S6. Spatial patterns of (A) summer daytime SUHII, (B) summer nighttime SUHII, (C)
winter daytime SUHII and (D) winter nighttime SUHII averaged over the period 2003-2008

across 419 global big cities.



Figure S1. Comparisons of daytime (nighttime) SUHII derived from urban LST minus
different suburban areas’ LST. Comparison between daytime SUHII derived when suburban
area equal to the urban area (Daytime SUHII;pp%) and (A) daytime SUHII derived when
suburban area is 50% of urban area (Daytime SUHIl5y¢) and (B) daytime SUHII derived
when suburban area is 150% of urban area (Daytime SUHII;s04); comparison between
nighttime SUHII derived when suburban area is equal to urban area (Nighttime SUHII;0y9)
and (C) nighttime SUHII derived when suburban area is 50% of urban area (Nighttime
SUHII5p4) and (D) nighttime SUHII derived when suburban area is 150% of urban area
(Nighttime SUHII,504,).
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Figure S2. Spatial relationships of annual daytime SUHII with independent variables in
Figure 4. Relationships between annual daytime SUHII and (A) the difference in VCF
between urban and suburban (8VCF), (B) the difference in EVI between urban and suburban
(OEVI), (C) the difference in white sky albedo (WSA) between urban and suburban (GWSA),
(D) the difference in nighttime light (NL) between urban and suburban (6NL), (E) the
difference in population density (PD) between urban and suburban (6PD), (F) mean annual
temperature (MAT), (G) mean annual precipitation (MAP), (H) mean temperature for the
months which air temperature exceed 0°C (MTO0), (I) the sum of pixels of the urban area
(Peity), (J) seasonal amplitude of SEVI (Asevi), (K) seasonal amplitude of 6WSA (Aswsa) and

(L) seasonal amplitude of temperature (Ar).
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Figure S3. Spatial relationships of annual nighttime SUHII with independent variables in
Figure 4. Relationships between annual daytime SUHII and (A) the difference in VCF
between urban and suburban (6VCF), (B) the difference in EVI between urban and suburban
(0EVI), (C) the difference in white sky albedo (WSA) between urban and suburban (6WSA),
(D) the difference in nighttime light (NL) between urban and suburban (dNL), (E) the
difference in population density (PD) between urban and suburban (6PD), (F) mean annual
temperature (MAT), (G) mean annual precipitation (MAP), (H) mean temperature for the
months which air temperature exceed 0°C (MTO0), (I) the sum of pixels of the urban area
(Peity), (J) seasonal amplitude of SEVI (Asevi), (K) seasonal amplitude of SWSA (Aswsa) and

(L) seasonal amplitude of temperature (Ar).

g A g B g C
: 6 6 : 6
3 4 L. 3 4 L. 3 4 .
% 0 - .0 .'s. . . % O . { :' . % 0 .c ;. .-. i
£ . =6.51"x + 1.51 £ . =-14.50*x + 0.23 £ . =40.31*x + 0.83
g 2 ‘ %{2:0.02): ;:0.008‘ g 2 %{2=q.02, FX>—+0 003 g 2 ‘ %{2=0‘.17, ;<5.oo1 ‘
< 0.4 -0.2 0 < 02 01 0 01¢% -0.04-0.02 0 0.02
_ SVCF . SEVI . SWSA
o : 4 o : : : o : : :
g D g E g F
: 6 6 : 6
2 4 L. 3 4 . . 2 4 .o,
g 2 . »® % qé 2 . . K .Q . ... . 1 g 2 " o ° e o o .
E 0 . o efQWORLT | = ¥ L E o X .
£ . =0.06*x - 0.17 s . =3.76*x + 0.73 . =-0.08"x + 2.36
g 2 )I%?=0.18),(P<‘0.001 g 2‘ §‘2=o.00TF+>‘=0.595‘ g 2 ‘ EZfo.oe,XP:p.om ‘
< < 05 0 05 1 < 0 10 20 30
. . 5PD (10* persons km?) . MAT (C)
Q Q Q
- - H g |
T : 6 6
2 2 4 o 2 4
£ E 2 s T g 2 .
5 £ 0 ° g 50
£ . =-0.00"x + 2.00 s =-0.10"x + 2.81 £ .
g 2 ‘ §2fo.1e,XP;o.oo1 ‘ g 2 ‘ %{2=‘o.o3,xp+<p.oo1 ‘ g 2
< 0 1000 2000 3000 < 0 10 20 30 <
MAP (mm) MTO (C)
- J - K -
: 6 : 6 : 6
3 4 . 2 4 2 4 .
[ . [ () -
£ 2 Lo U 2 . £ 20 G =
5 0 5 0 5 0 % .
£ . =-12.69"x + 0.72 s . . =0.06"x + 0.20
g 2‘ }I%Z= .02, E:o.oog‘ g 2 ‘ ‘ ‘ g 2 ‘ }Fla2=0.11j5<o.oo1 ‘
< 02 01 0 01 < -005 0 005 01 < 0 20 40

A A A

SEVI SWSA T (0



Figure S4. Spatial relationships of daytime SUHII seasonal amplitude (Apaytime sunn) With
independent variables in Figure 4. Relationships between annual daytime SUHII and (A) the
difference in VCF between urban and suburban (8VCEF), (B) the difference in EVI between
urban and suburban (SEVI), (C) the difference in white sky albedo (WSA) between urban and
suburban (WSA), (D) the difference in nighttime light (NL) between urban and suburban
(ONL), (E) the difference in population density (PD) between urban and suburban (6PD), (F)
mean annual temperature (MAT), (G) mean annual precipitation (MAP), (H) mean
temperature for the months which air temperature exceed 0°C (MTO), (I) the sum of pixels of
the urban area (P.y), (J) seasonal amplitude of SEVI (Asevi), (K) seasonal amplitude of
OWSA (Aswsa) and (L) seasonal amplitude of temperature (Ar).
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Figure SS5. Spatial relationships of nighttime SUHII seasonal amplitude (Anighitime sunm) With
independent variables in Figure 4. Relationships between annual daytime SUHII and (A) the
difference in VCF between urban and suburban (8VCEF), (B) the difference in EVI between
urban and suburban (SEVI), (C) the difference in white sky albedo (WSA) between urban and
suburban (WSA), (D) the difference in nighttime light (NL) between urban and suburban
(ONL), (E) the difference in population density (PD) between urban and suburban (6PD), (F)
mean annual temperature (MAT), (G) mean annual precipitation (MAP), (H) mean
temperature for the months which air temperature exceed 0°C (MTO), (I) the sum of pixels of
the urban area (P.y), (J) seasonal amplitude of SEVI (Asevi), (K) seasonal amplitude of

OWSA (Aswsa) and (L) seasonal amplitude of temperature (Ar).
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Figure S6. Spatial patterns of (A) summer daytime SUHII, (B) summer nighttime SUHII, (C)
winter daytime SUHII and (D) winter nighttime SUHII averaged over the period 2003-2008
across 419 global big cities.
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