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1 Analyses on the nighttime UHI
1.1 Bivariate regression
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Figure S1. Nighttime surface UHI intensity (∆T ) as a function of (a) logarithm of urban cluster size lnSC, (b) fractal
dimension Df, and (c) logarithm of anisometry lnA. Compared to Fig. 2 in the main text, the absolute values of regression
slopes are smaller.

1.2 Multi-linear regression
The result obtained from a step-wise multi-linear regression based on 5,000 city clusters, without normalizing the dependent
variables – lnSC, lnA,Df.

∆T =−1.03−0.10 lnSC +0.11Df +0.53 lnA+0.21Df lnSC−0.33Df lnA (R2 = 0.41) (1)

Analogous to Eq. (3) in the main text.



The relation based on normalized dependent variables

∆T = 0.33+0.17 lnS∗C +0.09D∗f +0.01 lnA∗+0.01D∗f lnS∗C−0.01D∗f lnA∗ (2)

Analogous to Eq. (4) in the main text.
Since the nighttime surface UHI is generally weaker than that during daytime (which can be seen from the value range of

the Y-axis), the parameters obtained from the multi-linear regression are also correspondingly smaller. However, these results
are consistent with the findings in the main text, i.e. city size exerts the strongest influence (0.17 lnS∗C), followed by fractality
(0.09D∗f ), and anisometry (0.01 lnA∗).

2 Correlations between lnSC, Df and lnA
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Figure S2. Correlations among intrinsic urban factors (a) lnA vs. lnSC, (b) Df vs. lnA, and (c) lnSC vs. Df. The grey pixels
indicate the number of cities that are covered by them (the darker, the higher the density). The Pearson correlation coefficient ρ

is provided in each panel.

3 Linking heat transfer coefficient, area, and fractal
Energy balance of urban surfaces
The energy balance of urban surface can be written as

Q∗ = K ↓ −K ↑+L ↓ −L ↑
= QH +QE +QG

where

K short-wave radiation (arrows indicate incoming and outgo-
ing),

Q∗ net all-wave radiation,

QH sensible heat flux,

L long-wave radiation (arrows indicate incoming and outgo-
ing),

QE latent heat flux,

QG conduction to or from soil.

Regardless of the anthropogenic heat release, surface temperature (Tsurface) is mainly determined by the sensible heat flux
QH , as QH = h∆T = h(Tsurface−Tair), where h is the convection transfer coefficient. To simplify the problem, we idealize the
urban surface as a flat horizontal isotropic plate, without taking into account the surface roughness. The convection heat transfer
coefficient h – more precisely, how h is related to object size – is crucial to study the scale effect of the surface temperature1.

Convection heat transfer coefficient h
The convection heat transfer coefficient h can be expressed by using the dimensionless Nusselt number Nu (the ratio of
convective to conductive heat transfer),

h = Nu · k/L (3)

where
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h convection heat transfer coefficient [W m−2 K−1],

L characteristic length [m],

k thermal conductivity [W m−1 s−1].

Empirically, the Nusselt number for a flat plate under turbulent forced convection can be expressed as

Nu =C ·Rem ·Prn (4)

where

C ' 0.0296,2

Re Reynolds number [dimensionless],

Pr Prandtl number [dimensionless],

m ≈ 0.8 (empirical number)2,

n ≈ 2/3 (empirical number)2.

The Prandtl number is defined as the ratio of momentum diffusivity to thermal diffusivity,

Pr =
cpµ

k
(5)

where

cp [J kg−1 K−1],

µ dynamic viscosity [N S m−2],

k thermal conductivity [W m−1 s−1].

The Reynolds number is defined as the ratio of inertial forces to viscous forces

Re =
ρ vL

µ
(6)

where

ρ density [kg m−3], v wind speed [m s−1].

Combining Equations (3) to (6) we obtain1

h =Ck1−n
ρ

m
µ

n−mvmcn
pLm−1

h∼ Lm−1 (m−1 < 0). (7)

According to3, 4, the perimeter P of an object is given by the area (S) raised to the power of D̂f/2, i.e. P∼ SD̂f/2, where D̂f

is the fractal dimension of the perimeter. Thus, the characteristic length is L = S/P∼ S1−D̂f/2. Equation (7) can be rewritten as

h∼ S(1−D̂f/2)(m−1) (1≤ D̂f ≤ 2,1−m > 0). (8)

To illustrate the influence of surface area S and fractal dimension Df, we consider a constant influx of solar radiation. For a
fixed fractal dimension, the convection transfer coefficient h decreases with increasing surface area S, resulting in a higher
surface temperature. Analogously, for a fixed surface area S, the convection transfer coefficient h decreases with increasing
fractal dimension Df, resulting in a higher surface temperature.

It is worth mentioning that the fractal dimension D̂f of the perimeter, also called as envelope fractal dimension, is different
from the fractal dimension calculated in this study. The latter one is also known as box fractal dimension. We estimated both
the envelope and box fractal dimensions by applying the box counting method to the urban outline (envelope) and urban area,
respectively4. As shown in Fig. S3, the box fractal dimension is always larger than the envelope fractal dimension.

Analyzing our data, we obtained empirically P ∼ SaDf , with a ≈ 0.43. Since the term 1− aDf in Equation (8) is still
positive, the conclusions are not affected.
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Figure S3. The box fractal dimension Df versus the envelope fractal dimension D̂f. It can be seen that the box fractal
dimension is always larger than the envelope fractal dimension.
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