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Abstract Urbanization is an extreme way in which human
being changes the land use/land cover of the earth surface,
and anthropogenic heat release occurs at the same time. In this
paper, the anthropogenic heat release parameterization
scheme in the Weather Research and Forecasting model is
modified to consider the spatial heterogeneity of the release;
and the impacts of land use change and anthropogenic heat
release on urban boundary layer structure in the Pearl River
Delta, China, are studied with a series of numerical experi-
ments. The results show that the anthropogenic heat release
contributes nearly 75 % to the urban heat island intensity in
our studied period. The impact of anthropogenic heat release
on near-surface specific humidity is very weak, but that on
relative humidity is apparent due to the near-surface air tem-
perature change. The near-surface wind speed decreases after
the local land use is changed to urban type due to the increased
land surface roughness, but the anthropogenic heat release
leads to increases of the low-level wind speed and decreases
above in the urban boundary layer because the anthropogenic
heat release reduces the boundary layer stability and enhances
the vertical mixing.

1 Introduction

Urbanization is a very quick process in which human being
changes the characteristics of land surface, including the dy-
namical features, radioactive features, and thermal features.
These modifications change the interactions between land sur-
face and the atmosphere, urban areas are always characterized
by higher turbulent sensible heat flux because of the high heat
captivity and low latent heat flux because the urban surface is
modified to impervious surface and the local evaporation is
reduced. Such a change of local land use/land cover also
changes the local micro-climate environment, and urban heat
island (UHI) is one of the most important phenomena in urban
climate. Accompanying with the change of land-atmosphere
interactions, urbanization also modifies the urban atmospheric
boundary layer, interacts with other mesoscale circulations,
changes the precipitation processes, or even impacts regional
climate (Kaufmann et al. 2007; Lo et al. 2007; Han and Baik
2008; Trusilova et al. 2008; Wang 2009; Chen et al., 2011a, b;
Miao et al. 2011; Feng et al. 2012; Lazzarini et al. 2013;Wang
et al. 2013; Yang et al. 2013; Giovannini et al. 2014).

Besides the surface fluxes partition changed by urban land
surface radiation/thermal features, the human being activities
in urban area also release a lot of waste heat (anthropogenic
heat). The anthropogenic heat flux supplies additional energy
source in urban area compared to rural/vegetation area and
changes the local surface energy balance (Offerle et al.
2005; Smith et al. 2009; Iamarino et al. 2012). Taha (1997)
regarded anthropogenic heat flux as one of the important fac-
tors which modify urban climate. Many researchers have re-
ported that anthropogenic heat flux can change the local at-
mospheric circulation and impact regional or even global
climate. Narumi et al. (2009) investigated the influence of
anthropogenic heat flux on local urban climate in a Japanese
megacity, the results indicated that the amount of heat released
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is lower at night than during the day, but the temperature rise is
nearly three times greater, and the anthropogenic heat flux
delayed the onset of land breezes, particularly in a coastal
area. Chen et al. (2009) documented that the daily average
contribution ratio of anthropogenic heat flux in the winter
can reach 54.5 %, compared to 43.6 % in the summer, and
the anthropogenic heat flux also strengthens the vertical
movement of urban surface air flow, changing the urban heat
island circulation. Block et al. (2004) and Feng et al. (2012)
found that anthropogenic heat flux has influence on regional
climate. Flanner (2009) integrated anthropogenic heat flux in
global climate models and found that anthropogenic heat flux
caused significant increases in annual mean temperature and
planetary boundary layer (PBL) height occur over grid cells
where present-day anthropogenic heat flux exceeds
3.0 W m−2; these influences may have further impacts on
chemistry-climate processes.

Anthropogenic heat flux is important for both urban atmo-
spheric boundary layer processes and regional climate, while
it is difficult to measure it directly. Usually, it is estimated with
a top-down method using energy consumption statistics,

population data, and so on (Sailor and Lu 2004; Pigeon
et al. 2007; Lee et al. 2009; Smith et al. 2009; Allen et al.
2011; Sailor 2011; Chen et al. 2012; Iamarino et al. 2012;
Quah and Roth 2012). The anthropogenic heat flux varies
spatially and temporally. Iamarino et al. (2012) documented
that the annual mean anthropogenic heat flux for Greater Lon-
don is 10.9 W m−2 for 2005–2008, with the highest peaks in
the central activities zone (CAZ). Ferreira et al. (2011) esti-
mated the anthropogenic heat flux in Sao Paulo is about
20 W m−2, and its diurnal variation has three peaks due to
the traffic waste heat release. Lee et al. (2009) calculated the
anthropogenic heat flux in Gyeong-In area of Korea, the re-
sults showed that annual mean anthropogenic heat emissions
in Seoul, Incheon, and Gyeonggi are found to be 55, 53, and
28 W m−2, The maximum annual mean anthropogenic heat
emission averaged over a grid area of 1 × 1 km in each district
is found to be 27Wm−2 in Seoul, 320 Wm−2 in Incheon, and
198 W m−2 in Gyeonggi. Allen et al. (2011) developed the
large-scale urban consumption of energy (LUCY) model
which simulates all components of anthropogenic heat flux
from the global to individual city scale and found that the

Fig. 1 Simulation domains: a
topography of the 18-km-
resolution domain, b topography,
c land cover, d anthropogenic
heat release of the 3-km-
resolution domain
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global mean urban anthropogenic heat flux has a diurnal range
of 0.7–3.6 W m−2 and the highest individual grid cell heat
fluxes in urban areas were located in megacities. Wang and
Wang (2011) estimated the anthropogenic heat flux in Guang-
zhou City and found the averaged flux intensity was about
41.1 W m−2 in 2010.

Anthropogenic heat flux has been an important energy
source for the urban surface energy balance (Ichinose et al.
1999; Lee et al. 2009; Sailor 2011; Iamarino et al. 2012), and it
must be considered in the numerical models for urban bound-
ary layer structures and urban climate simulations or even in
regional climate simulations (Ichinose et al. 1999; Chen et al.

Fig. 2 Eight-day averaged
simulated horizontal distribution
of a temperature at 2 m, b wind
speed at 10 m, c relative humidity
at 2 m, d specific humidity at 2 m
over the urbanized area. (The 8-
day averaged observations are
marked and the water area is set as
blank)

Table 1 Comparison of the
simulated and observed near
surface meteorological
parameters

Experiment MeanSIM MeanOBS Bias R RMSE IOA

Air temperature at 2 m (°C) AH 18.45 19.02 −0.57 0.85 1.24 0.89

uniAH 18.45 19.02 −0.57 0.85 1.26 0.88

URB 18.03 19.02 −0.99 0.84 1.44 0.88

noURB 17.22 19.02 −1.80 0.83 1.98 0.86

Wind speed at 10 m (m s−1) AH 3.86 2.89 0.87 0.74 1.70 0.71

uniAH 3.68 2.89 0.79 0.72 1.65 0.71

URB 3.68 2.89 0.79 0.72 1.80 0.71

noURB 4.09 2.89 1.20 0.69 1.91 0.69

Relative humidity at 2 m (%) AH 54.27 49.03 5.24 0.87 9.79 0.88

uniAH 53.95 49.03 4.91 0.87 9.51 0.88

URB 56.75 49.03 7.72 0.85 11.89 0.87

noURB 60.04 49.03 11.01 0.84 13.15 0.85

Specific humidity at 2 m (g kg−1) AH 8.13 8.21 −0.09 0.82 1.09 0.91

uniAH 8.04 8.21 −0.17 0.78 1.22 0.88

URB 8.16 8.21 −0.05 0.80 1.15 0.90

noURB 8.79 8.21 0.58 0.79 1.32 0.87

MeanSIM simulated mean value, MeanOBS observed mean value, Bias simulated value minus observed value, R
correlation coefficient, RMSE root mean square error, IOA index of agreement
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2009; Flanner 2009; Narumi et al. 2009; Krpo et al. 2010).
Because of the difficult to get detailed anthropogenic heat flux
data, in many previous numerical modelling on urban climate,
the influence of anthropogenic heat flux is not considered
(Zhang et al. 2010, 2012;Wang et al. 2013), or it is considered
in a crude way depending on the urban building cover density
(Chen et al. 2009; Miao et al. 2009; Feng et al. 2012) as in
currentWeather and Forecasting (WRF)model releases. In the
real world, the anthropogenic heat flux intensity may be dif-
ferent over different urban function zones, even with the same
building density. In this paper, detailed independent anthropo-
genic heat flux spatial distributions including industrial emis-
sion, traffic emission, and civil emission and their temporal
variations are considered in the WRF model. With the WRF
model, the impact of both urban area expansion and anthro-
pogenic heat flux are considered to study the urban meteoro-
logical conditions and boundary layer structure in the Pearl
River Delta, China, and their contributions to the modification
of atmospheric boundary layer characteristics are compared.

2 Numerical experiments design

In this paper, the WRF model (version 3.4.1) with the ARW
core is selected as the numerical tool. WRF is based on a fully
compressible and no hydrostatic dynamic core and suitable for
atmospheric numerical modelling from large eddy simulation
to global scale (http://www.wrf-model.org). The simulation
domain covers the whole Pearl River Delta, China, one of
the most urbanized areas in China, which contains a
population of 56 million and nearly 70 % is urban residence;
this area also contributes nearly 15 % of Chinese GDP. Two-
domain nesting simulations are carried out, the horizontal res-
olution of outer/inner domain is 18/3 km. The inner domain is
centered at (113.4 E, 21.8 N) as shown in Fig. 1. The vertical
grid system consists of 38 full-sigma levels, and under this
vertical resolution, there are about 15 layers below 2000 m.
The model top is located at 50 hPa. The lowest full-sigma
level above the ground is 0.995, and the lowest half-sigma
level height is approximately 35 m above ground.

Fig. 3 Eight-day averaged
differences in air temperature at
2 m: a the URB experiment minus
the NOURB experiment, b the
AH experiment minus the URB
experiment, c the AH experiment
minus the URB experiment, d the
UNIAH experiment minus the
URB experiment
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The model integrations are conducted for 9 days from
0000UTC 26 October to 0000 UTC 04 November 2010.
The first day is set as a Bspin-up^ period, and results of the
last 8 days (from 0000UTC 27 October to 0000UTC 04 No-
vember) are used for the analysis in this paper. In these days,
the Pearl River Delta was controlled by a stable high pressure
and the background wind is form north-northeast. Under such
a synoptic background, the air pollutant is transported from
north China and may cause hazard air pollution episode in this
area. The initial and boundary conditions are provided by the
1° * 1° NCEP FNL data and the boundary conditions are
forced every 6 h.

The physics package used in the simulations includes the
RRTMG (Rapid Radiative Transfer Model for GCMs)
(Mlawer et al. 1997) longwave radiation and Goddard short-
wave radiation processes (Chou et al. 1999), Bett-Miller-
Janjic cumulus scheme (only for the outer domain), Lin mi-
crophysics scheme (only for the inner domain), and the URB
land-surface model (LSM), which coupled a single-layer ur-
ban canopy model (UCM) (Chen et al. 2011a, b) to represent
for the urban buildings’ impacts on radiation transporting,

urban heat storage, building surface energy budgets, and ur-
ban flows.

Three numerical experiments are designed to study the im-
pacts of urban land cover expansion and anthropogenic heat
flux release on urban boundary layer. In the numerical exper-
iment AH, the satellite-observed 15-s resolution MODIS land
use type product in 2010 are used to represent the current
urbanization conditions. The anthropogenic heat release in
the whole simulation domain is described as a four-
dimensional array including the location (longitude, latitude,
and height) and time information. The anthropogenic heat flux
intensity is shown as in Fig. 1d, which is estimated with local
energy consumption, population, and GDP distribution from
the statistical data of 2010 as described in Chen et al. (2009)
and Wang and Wang (2011). The total industrial waste heat
release is calculated with total industrial coal consumption and
industrial energy utility efficiency; for the living activities heat
release, annual living consumption of coal gas, natural gas,
and total electricity consumption are converted to standard
coal consumption, and then living activities waste-heat release
is estimated with the coal consumption amount and energy

Fig. 4 a–d Same as Fig. 2 but for
the relative humidity at 2 m
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utility efficiency; for traffic heat release estimate, the total
gasoline consumption is calculated with the total vehicle num-
ber, annual average running distance, and average gasoline
consumption rate. The maximum intensity of the total heat
release (including industrial heat, living activities, and traffic
heat) is 405 W m−2 from an industrial park. Due to the lack of
related information, all traffic and living emission are assumed
to be released on ground surface and added as energy sources
in the surface energy balance processes; the industrial emis-
sion is set to the first level of the atmosphere model in the
prediction equation of air temperature. The time-variations of
anthropogenic heat release are not considered in current sim-
ulations due to the lack of detailed information. In the numer-
ical experiment URB, only the current urban land cover is
considered and the anthropogenic heat flux is set to zero.
The experiment NOURB is based on the URB experiment,
and the urban land use is replaced by cropland, the nearest
rural area land use, to remove the influence of urban land
cover. To compare the modified anthropogenic heat release
scheme with the default one in WRF, the UNIAH experiment
is designed; in this experiment, the total amount of

anthropogenic heat flux is averaged to each urban grid cell,
and the current urban land cover from MODIS observation is
also considered.

3 Results

3.1 Evaluation of near-surface meteorological field
simulations

The hourly air temperature at 2 m, wind speed at 10m, relative
humidity at 2 m observed at the 9 meteorological stations (7
stations locating in the urbanized area and 2 in the suburban/
rural area) in the last 8 simulated days are compared to the
WRF outputs to evaluate the model performance as listed in
Table 1. The 8-day averaged horizontal distributions of tem-
perature at 2 m, wind speed at 10 m, relative humidity at 2 m,
and specific humidity at 2 m from the experiment AH are
shown in Fig. 2, and the respective observations are also
marked. The experiment AH produces the best simulation
results among the four numerical experiments and can capture

Fig. 5 a–d Same as Fig. 2 but for
the wind speed at 10 m
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the surface meteorological characteristics well, even though
the meteorological observations near high anthropogenic heat
release area is sparse. Both simulations in the experiment AH
and observations show that the atmosphere over urban area is
warmer and drier than suburban/rural area. All experiments
underestimate the near-surface air temperature. The experi-
ment NOURB outputs the largest bias of −1.80° because it
does not consider the impact of urban canopy and anthropo-
genic release. The simulations of near-surface temperature are
improved when considering the urbanization influence with
the single-layer urban canopy model; this is consistent with
previous studies (Miao et al. 2009; Salamanca et al. 2011).
The experiments AH and UNIAH produce better simulations
of near-surface air temperature when the anthropogenic heat
release is considered. In the experiments AH and UNIAH, the
biases and correlation coefficients are the same, and the ex-
periment AH has a smaller RMSE and higher IOA than the
UNIAH experiment.

All experiments overestimate the wind speed at 10 m, be-
cause the observation of wind speed is impacted directly by
local surrounding environment. When considering the impact
of urbanization, WRF model outputs a smaller bias, and the
biases in the experiments AH, UNIAH, URB, and NOURB
are 0.97, 079, 0.79, and 1.20 m s−1, respectively. The impact
of anthropogenic heat release spatial distribution on wind
fields is small; the simulated bias of experiment AH simulate
is slightly greater than that in experiment UNIAH, but the
RMSE decreases and correlation coefficient and IOA
increase.

All experiments also overestimate the relative humidity at
2 m, and the results also demonstrate that the considering of
anthropogenic heat release and urban land cover will improve
the simulations on relative humidity. The bias of the experi-
ment AH is 5.24 % compared to the bias of 11.01 % in exper-
iment NOURB and 7.72 % in the experiment URB.

3.2 Influences on near-surface meteorological fields

In this paper, the changes of meteorological fields among dif-
ferent experiments are used to measure the influence of
urbanization-induced land use/land cover change and different
parameterization schemes of anthropogenic heat flux in WRF.
Figure 3 illustrates the 8-day averaged differences in air tem-
perature at 2 m (T2m) among different experiments. Both the
urbanization-induced land use change and anthropogenic heat
release lead to temperature increasing, and the temperature
increasing is much stronger over the urban area than the other
parts in the simulation domain. The mean increase of T2m
between the URB experiment and NOURB experiment is
0.03 K over the whole simulation domain and 0.23 K over
the urban area. Such a warming effect of urbanization in this
area has also been documented by Lo et al. (2007),Wang et al.
(2013), and Li et al. (2014). The warming effect in this paper

is weaker than these results in Lo et al. (2007), Wang et al.
(2013), and Li et al. (2014), because the urbanization influ-
ence not only impacted by the urban canopy processes but
also other processes including the synoptic/climate back-
ground, the soil moist conditions, and so on. Simulations with
anthropogenic result in higher temperature, the mean increase
of T2m between the AH experiment and URB experiment is
0.05 K over the whole simulation domain and 0.69 K over the

Fig. 6 Differences in spatial averaged vertical potential temperature
profiles over urban area: a the URB experiment minus the NOURB
experiment, b the AH experiment minus the URB experiment, c the
AH experiment minus the NOURB experiment, d the UNIAH
experiment minus the URB experiment
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urban area. The mean increase of T2m between the AH ex-
periment and NOURB experiment is 0.08 K over the whole
simulation domain and 0.93 K over the urban area, implying
that anthropogenic heat release is a stronger factor of urban
heat island in this episode, which contributes 74 % of the UHI
intensity in these simulations; this is also found in other cities
in China (Chen et al. 2009). The simulation assuming a
spatially-homogeneous anthropogenic heat release produce a
slightly weaker temperature increasing over the whole domain
but stronger UHI, and the mean increase of T2m between the
UNIAH experiment and URB experiment is 0.04 K over the
whole simulation domain and 0.75 K over the urban area,
compared to 0.05 and 0.69 K between the AH experiment
and URB experiment. Anthropogenic heat release also con-
tributes greatly on the maximum temperature increasing in our
simulations, the maximum temperature bias is 1.15 K (3.37,
3.67, 1.52 K) between the URB (AH, AH, UNIAH) experi-
ment and NOURB (URB, NOURB, URB), respectively. The
AH experiments outputs the highest temperature increase, be-
cause anthropogenic heat release is concentrated in the indus-
trial regions in this experiment as shown in Fig. 1d.

The land use is modified from vegetation cover to imper-
vious material; this will reduce the evaporation and transpira-
tion in urban area and reduce the near-surface air humidity.
The simulation results show that urbanization contributes to
most of the changes in near-surface specific humidity; the
mean differences in specific humidity at 2 m over urban area
are −0.50 g kg−1 (0.03, −0.47, −0.02 g kg−1) between the URB
(AH, AH, UNIAH) experiment and NOURB (URB,
NOURB, URB), respectively. The influence of anthropogenic
heat releases on near-surface specific humidity is very weak,
but near-surface relative humidity changes due to the changes
in near-surface air temperature (Fig. 4). The mean differences
in relative humidity at 2 m over urban area are −4.7 % (−2.5,
−7.2, −3.4 %) between the URB (AH, AH, UNIAH) experi-
ment and NOURB (URB, NOURB, URB); the mean differ-
ences in relative humidity at 2 m over the whole domain 3 are
−0.4, −0.25, −0.7 and −0.2 %, respectively.

The urbanization processes, accompanied with buildings,
increase the surface roughness and reduce the near-surface
wind speed (Trusilova et al. 2008; Sugawara and Narita
2009; Zhang et al. 2010; Hou et al. 2013; Wang et al. 2013;

Fig. 7 a–d Same as Fig. 2 but for
the planetary boundary layer
height

476 Zhang N. et al.



Kanda et al. 2013; Peng and Sun 2014), which is also demon-
strated in our simulations (Fig. 5). The differences in wind
speed at 10 m between the URB experiment and NOURB
experiment is −0.27 m s−1 over urban area and the maximum
wind speed decreasing is 1.13 m s−1. The impact of anthropo-
genic heat release shows opposite contribution on near-
surface wind speed; near-surface wind speed increases in the
AH experiment and UNIAH experiment compared to that in
the URB experiment, and the difference in near-surface wind
speed between the AH/UNIAH experiment and the URB ex-
periment is 0.23/0.12 m s−1. The combined influence of both
land use change and anthropogenic heat release show a weak-
er wind speed reduction, and the mean difference in near-
surface wind speed between the AH experiment and the
NOURB experiment is −0.12 m s−1 over the urban area.

3.3 Influences on boundary layer structures

Both land use change and anthropogenic heat release increase
the near-surface temperature as discussed in section 3.2 and
this will reduce the stability of the atmospheric boundary lay-
er. Figure 6 illustrates the vertical changes of potential tem-
perature over the urban area. The large part of increased po-
tential temperature by land use change and anthropogenic heat
release occurs at the bottom part of the planetary boundary
layer below 300 m. The impact height becomes higher on
November 1 and 2 when the synoptic background wind is
relative weak.

Increased potential temperature at the bottom layer of plan-
etary boundary layer leads to an increasing of the planetary
boundary layer height (PBLH) (Fig. 7). The WRF model di-
agnoses PBLH based on the simulated turbulent kinetic ener-
gy profiles in Mellor-Yamada-Jianic PBL parameterization
scheme (LeMone et al., 2013). The simulated PBLH increases
in each sensitivity experiments as compared to the NOURB
experiment, and the spatial distributions of these changes are
very inhomogeneous; the urban area contributes to most of the
PBLH increasing. The mean difference between the URB ex-
periment and NOURB experiment is 6.6 m over the whole
simulation domain and 79.8 m over the urban area. The uni-
form anthropogenic heat release experiment (the UNIAH ex-
periment) shows a higher PBLH increasing than the real spa-
tial distribution experiment (the AH experiment); the mean
difference between the UNIAH experiment and URB experi-
ment is 3.8 m over the whole simulation domain and 49.8 m
over the urban area, and the mean difference between the AH
experiment and URB experiment is 2.6 m over the whole
simulation domain and 39.7 m over the urban area. The com-
bined contributions of anthropogenic heat release and land use
change leads to a stronger increasing of PBLH, and the mean
difference between the AH experiment and NOURB experi-
ment is 10.4 m over the whole simulation domain and 112.6m
over the urban area. Even in the urban area, the PBLH

increasing is inhomogeneous, and the maximum of PBLH
difference between the URB (AH, AH, UNIAH) experiment
and NOURB (URB, NOURB, URB) are 190.8, 187.9, 306.0,
and 165.5 m, respectively.

The modifications in the vertical distribution of potential
temperature also affect the wind field simulations. The in-
creasing of potential temperature at the bottom level of PBL
destabilizes the boundary layer and enhances the vertical
mixing, and at the same time, the wind speed usually increases
with height in the surface layer; this increases the surface wind
speed and decreases the wind speed at above level. The sim-
ulations in different experiments also prove this (Fig. 8). This

Fig. 8 a–d Same as Fig. 6 but for the vertical wind speed profiles
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phenomenon is not been observed in the differences of vertical
wind speed distribution between the URB experiment and the
NOURB experiment, because the surface wind speed is re-
duced strongly by the increasing surface roughness over urban
area. But the differences in vertical profiles of wind speed
between the AH experiment and the URB experiment and
the differences between the UNIAH experiment and the
URB experiment both show clear decreases in wind speed at
the height of about 200 m and increases in surface wind speed
at the same time.

4 Conclusions and discussions

The WRF model is modified to consider the real spatial dis-
tribution of anthropogenic heat release, and a series of numer-
ical simulations are carried out for the Pearl River Delta area,
which is one of the most important city clusters in China. The
simulations’ results show the following:

1. Anthropogenic heat release is an important factor contrib-
uting to the urban heat island intensity in Pearl River
Delta, China. The WRF model produces better simula-
tions for near-surface meteorological fields when a more
realistic anthropogenic heat release is considered in the
model.

2. Both urbanization and anthropogenic heat release lead to
surface temperature increases and cause urban heat island;
the anthropogenic heat release contribute to nearly 75 %
of the urban heat island intensity in our simulations.
Anthropogenic heat release has little impacts on near-
surface specific humidity, but still affects near-surface rel-
ative humidity by changing local near-surface tempera-
ture. The urbanization-induced land use change causes
decreases in near-surface wind speed, while anthropogen-
ic heat release causes increases in near-surface wind
speed.

3. Both urbanization and anthropogenic heat release warm
the near-surface atmosphere and reduce the stability of the
atmospheric boundary layer and increase the PBL height
in our simulations. These processes also impact the wind
fields in urban boundary layer. In our simulations, the
near-surface wind speed decreases after the local land
use is changed to urban type due to the increased land
surface roughness, but the anthropogenic heat release
leads to increases of the low-level wind speed and de-
creases above in the urban boundary layer because the
anthropogenic heat release reduces the boundary layer
stability and enhances the vertical mixing.

Anthropogenic heat release is a very important energy
source of urban surface energy balance; it will impact urban
meteorological environment and boundary layer structure

directly. Anthropogenic heat release in urban area is very com-
plicated because it varies substantially in space and time The
parameterization scheme of anthropogenic heat release in nu-
merical models is very difficult because the processes is so
complicated and difficult to be measured. In this paper, only
the spatial distribution impact of anthropogenic heat release is
discussed. The diurnal variations are not considered, and this
may amplify the impacts at night and underestimate the im-
pacts in the daytime because previous studies show that the
AH release is stronger in the daytime than at nighttime (Chen
et al. 2009, Miao et al. 2009). The impacts of temporal varia-
tions (such as diurnal, weekly, monthly even annual circle)
should be considered in the future studies.
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