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The land surface model SURFEX 7.3 was used to study climate effect of urban expansion located in oasis in arid area of Northwest
China by surface and 2m urban heat island (UHI) intensity and available energy ratio (B). We performed a true regional
development scenario and three assumed scenario simulations in 1978, 1993, 2004, and 2014, respectively. The results show that
2m UHI always displays positive twin peaks during whole day, while surface UHI only displays a positive single peak with
several hours during daytime at four seasons in the four years. Moreover, 2m UHI intensity during night is higher than that
during daytime, indicating that UHI intensity is contributed more by “trap effect” from urban complex geometry or
anthropogenic heat and that surface UHI according to land surface temperature cannot reflect UHI comprehensively. The oasis-
urban development resulted in local warming and increasing of B, and compared with the original undeveloped environment,
local climate in the study area was in a relatively balanced state in 1978 and 1993 due to the “heating effect” of urban area and
the “cooling effect” of oasis, but the offsetting effect from oasis would become weaker after1993.

1. Introduction

Research on local climate change caused by urban expan-
sion has received increasing interest due to the fact that it
is closely related to the living quality for humans in the
past few years [1–6]. But studies with respect to the climate
effect of urban expansion in the oasis-desert system in arid
area is relatively rare [7, 8]. Northwest China has a special
mountain-basin geomorphology, and urban are in this
region is usually converted from surrounding oasis area,
while oasis is usually from a difficult reclamation in the sur-
rounding desert. Both urban and oasis development in this
region are greatly limited by local water and soil resources
in the basin [9, 10], since the main water resource is from
the limited melting of snow and glaciers and the precipitation
in tall mountain ranges and the desert background also
makes oasis and urban compete for the limited fertile soil
on alluvial fan out of the mountains [11]. Urban expansion

on such oasis will inevitably increase instability of oasis and
the integrated ecosystem [12, 13]. Based on our previous
studies, the oasis plays a role of wet-cold island compared
with the surrounding desert and drives local atmospheric cir-
culation between oasis and desert, which plays an important
role in maintaining the existence of oases [14, 15]. However,
what we do not know is whether this urban expansion will
affect the wet-cold island effects of oasis and local climate
and how? Thus, exploring climate effects of urban expansion
in this region will provide beneficial information to regional
sustainable development [16].

Expansion of impervious surface area (ISA) is a represen-
tative of urban development [17], and the urban heat island
(UHI) has been considered as the most obvious feature that
resulted from the ISA expansion [18]. However, we found
that the understanding for UHI and the relation with the
increasing of ISA in previous studies are incomplete, uni-
lateral, and controversial. For example, some researchers
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determined that city center is sometimes cooler than the rural
environment, such as in the morning in the summer [19].
Others believed that the city center was always warmer than
rural area in whole year [20]. Except for difference in urban
scale and urban geometry description [21], one possible
important reason for these controversial conclusions is from
the different UHI definitions. As we all know, the UHI is
defined as the temperature difference between urban and
rural areas. But some researchers calculated the UHI using
air temperature difference between the urban and rural areas
[2, 19, 22–24], while others calculated the UHI from land
surface temperature (LST) difference between urban and
rural areas [1, 20, 25].

Therefore, in this paper, we compared the two different
UHI intensities at hour scale with the increasing of ISA in a
typical middle-scale oasis-urban Fukang (FK for short) in
the north slope of Tianshan Mountains. The vertical temper-
ature difference between land surface and its over and avail-
able energy ratio in the urban center were also studied for
understanding further the mechanism of UHI.

2. Method

2.1. Study Area. The particularity of the study area was
mainly that such urban area expanded on artificial oases
[9, 10], while the formation of these oases rely on the geo-
morphic characteristics of high mountain-basin systems.
The limited water resources from melting of snow and gla-
ciers and the precipitation in mountain ranges maintain oasis
and urban survival in these mountain-basin systems. Water
resources are scarce for both human livelihoods and ecosys-
tems here, and urban development will certainly increase
the instability of regional sustainable development.

We selected FK in SanGong River Basin (SGRB) in the
north slope of the Tianshan Mountains as the study area,
which has an area of 304 km2. The FK with central latitude
and longitude of 44°09′ and 87°58′. The SGRB has a gentle
slope from the southeast to the northwest with the average
altitude of 575m, and the famous Gurbantonggut desert is
located in the northern areas. Before the year 1958, FK is just
a small village, and the dominant plant species of the SGRB
were desert shrubs, grassland, and saline [26]. The area and
population of FK have dramatically increased approximately
to 60.87 km2 and 220,000 (population density of oasis reached
71 persons/km2) in the past 60 years. The dominant plant
species become crops such as wheat, cotton, and surrounding
sparse desert shrubs. The SGRB belongs to continental arid
and semiarid climate with average evapotranspiration of
2292mm and average precipitation of 145mm. The average
annual temperature is 6.7°C, and there had been the histori-
cal extreme highest temperature of 41.5°C and the lowest
temperature -37°C.

2.2. Model. The externalized surface scheme SURFEX 7.3 was
used in this paper. The SURFEX actually includes various
modules to describe the exchanges of water, momentum,
and energy over four universal surface area titles: sea, lake,
vegetation, and town [27]. In this paper, we used the Town
Energy Balance (TEB) [28] scheme to parameterize the local

scale energy and water exchanges between urban surfaces
and the atmosphere and simultaneously coupled with the
Interactions between Soil, Biosphere, and Atmosphere
(ISBA) scheme [29, 30] to simulate the energy and water
budget of soil and vegetation. TEB simulates the urban
energy and water exchange over three generic and compre-
hensive surfaces (road, roof, and wall). Although TEB is a
single-layer canopy module with simplification hypotheses
on the canopy shape and direction, it is enough to accurately
describe the change trend of surface energy, canyon air tem-
perature, and surface temperature. The coupling of ISBA and
TEB was run in offline mode.

2.3. Input Data

2.3.1. Impervious Surface Area Estimation. In this study, both
aviation photos and satellite images were used to access the
fraction of impervious surface area (ISA): scanned aviation
photos in 1958 and 1978, Landsat 5 TM in 1993 (30m),
SPOT 4 in 2004 (10m), and Landsat 8 in 2014 (15m). All
of the satellite images were acquired from July to September.
Since vegetation grows vigorously in this period, it is easy to
distinguish different land cover types on the basis of obvious
spectral difference. The images in 1993, 2004, and 2014 were
first radiometrically and atmospherically corrected using the
ENVI/FLAASHmodule, and geometric corrections were also
performed. The projection of all images was projected using
the Universal Transverse Mercator with WGS-84 coordinate
system. The main method to extract ISA is referenced from
the studies [17, 31–33]. First of all, water was masked
according to the Normalized Difference Water Index. Three
abundant spectral information bands were extracted by min-
imum noise fraction, which were used to select the four quite
different and classical endmembers (vegetation, low albedo,
high albedo composition, and soil composition). Finally,
ISA fractions were obtained using the Decision Tree classifi-
cation. For the photos in 1958 and 1978, the ISA was
extracted by sketching city boundaries digitally and calculat-
ing the ISA by the grayscale difference of aviation photos
and referenced to the FK yearbook. The ISA expansion can
be seen in Figure 1.

2.3.2. Forcing and Observed Data. Reanalysis Modern-Era
Retrospective Analysis for Research and Applications
(MERRA) was selected as forcing data. This product is pro-
duced at one-hour intervals, and the full spatial resolution
is 1/2 degrees (latitude)× 2/3 degrees (longitude), which were
downloaded from the Goddard Earth Sciences Data and
Information Services Center (MERRA). MERRA was gener-
ated with version 5.2.0 of the Goddard Earth Observing
System (GEOS) atmospheric model and data assimilation
system (DAS). The MERRA used the ensemble assimilation
methods [34] and had high quality [35]. The forcing variables
consist of hourly downward direct shortwave radiation,
downward longwave radiation, rainfall rate, 10m air temper-
ature, northward wind and eastward wind at 10m above dis-
placement height, surface pressure, specific humidity at 10m
above the displacement height for the years of 1978 and 1993,
but at 50m in the years of 2004 and 2014, and equivalent
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density of CO2 (350 ppm) during the simulation. In situ
observations from a meteorological station FK are used to
validate the simulated hourly temperature (Figure 2). The
original underlying surface of the FK station is irrigated crop,
but with the expansion of FK, the observation is influenced
more by the urban area.

2.4. Simulation Scenarios. Because there is smaller ISA
(Figure 1) and a lack of forcing data in 1958, we performed
a true control scenario and three assumed scenario simu-

lations only in 1978, 1993, 2004, and 2014, respectively.
Table 1 displays the land use change in different scenarios
and explains the details of different scenarios. CDISA sce-
nario represented the true evolution of land cover in the his-
torical four years. CDC scenario assumed that the ISA in the
true scenario was converted from surrounding oasis and the
desert was still the same with CDISA scenario. Thus, the dif-
ference between CDISA and CDC can explain the contribu-
tion of ISA on local climate when urban area developed at
the expense of oasis. CDD referred that the ISA in CDISA

88°0'E87°58'E87°55'E

44
°1

0'N
44

°8
'N 01.25 2.5 5 km

Percentage of ISA
1

0.8

0.6

0.4

0.2

0

1958 1978

1993 2004

2014
N

Figure 1: Impervious surface area (ISA) in 1958, 1978, 1993, 2004, and 2014.
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Figure 2: Location of FK station and SanGong River Basin (SGRB).
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was converted from the desert, and the difference between
CDISA and CDD can explain the ISA effect when urban area
developed from the surrounding desert. We also assumed
that there is no urban and oasis expansion in the past (D sce-
nario) and the climate from the D scenario represented
assumed climatic environment of the undeveloped state.
Thus, the difference between CDC and D will give climate
effect when the oasis only developed, and the difference
between CDISA and D gives climate effect of true develop-
ment. Because of the same forcing data and parameters used
in the different simulation scenarios, we can deduce that the
local climate difference between different scenarios at the
same year resulted from regional development.

2.5. Model Parameters. The dominant crop types of the SGRB
were cotton and wheat according to fieldwork ([36]). The leaf
area index (LAI) values in 12 months were set as 0, 0, 0.5,
1.06, 2.38, 3.4, 4.2, 4.3, 3, 1.33, 0, and 0 based on the average
of MERRA LAI data (MERRA), dominant crop phenology
[37–39], and fieldwork. Road in oasis city generally can be
divided into surface layer, base layer, and the cushion.
According to survey, the thickness of the surface layer is
about 3-15 cm and the layer is composed of the combination
of asphalt and concrete layer. The thickness of base layer
approaches to 50 cm, and the layer is mainly composed of
concrete to keep the stability of road. The cushion is the layer
between the base layer and soil and is also mainly composed
of concrete. Wall in oasis city can be composed of plaster and
layer on both sides and internal insulation and adiabatic layer
(200-300 cm) of hollow brick, aerated concrete, or benzene
board. Roof in oasis city can be divided into surface water-
proof layer, insulation and adiabatic layer, and reinforced
concrete layer [40, 41]. In this study, parameters of roof, wall,
and road were set as three layers referenced from fieldwork
and papers [3, 23, 40–43]. The details can be seen in Table 2.

3. Results

3.1. Simulation Evaluation. We used Pearson correlation
coefficient (r), index of agreement (d), mean bias (Bias), root
mean square error (RMSE), standard deviations (SDT), and
proportions of systematic and unsystematic error (S/U) to
comprehensively evaluate the simulation result. These mea-
sures describe the direction of the error bias and indicate
the average error magnitude. Table 3 shows SURFEX perfor-

mance in simulating 2m daily average temperature from the
true (CDISA) simulation at the FK station. A strong linear
relationship is obtained at all seasons in the three years from
simulation with coefficients of determination (d) larger than
0.74 (p < 0:05) and Pearson correlation coefficient (r) larger
than 0.66 (p < 0:05) (Table 3). Simulation in warm seasons
(summer and autumn) was better than that in cold seasons
(spring and winter). The proportions of systematic and
unsystematic errors were much less than 30%; this means
that physical processes that the model routinely simulate
are relatively well [44]. The 2m temperatures simulated
using the SURFEX in three years were well consistent with
observation. Considering that the UHI intensity is different
between urban center and rural area, the simulated errors
were counteracted to some extent, and acceptable bias and
mean absolute error were obtained except for the spring
and winter in the years 1993 and 2004.

3.2. The 2m and Surface UHI and Energy Partition in the
True Scenario. The hourly and yearly intensity of UHI in
1978, 1993, 2004, and 2014 was calculated at a height of
2m (T2MD for short) and land surface (TSD for short).
T2MD refers to the 2m air temperature difference between
the city center and the rural area, and TSD means the differ-
ence of average temperature of three urban surfaces (road,
roof, and wall) and the rural surface temperature. At the
same time, we also computed the vertical temperature
difference at 2m from the city surface to its over (TUD)
and from rural area to its over (TVD) in these four years with
the purpose of further understanding the reasons and physi-
cal process of UHI.

From Figure 3, the following rules can be obviously
obtained. (1) T2MD always displays positive twin peaks dur-
ing whole day at four seasons in the four years, and the twin
peak in the winter becomes weaker than the other three sea-
sons (Figure 3 solid line), while the TSD displays a single
peak and the temperature of the city surface is higher than
that of the rural surface several hours during daytime in the
four seasons in the four years, but displaying a cooler surface
during deep night (Figure 3 dotted line). This means that 2m
air temperature of city environment is indeed warmer than
that in rural environment in whole day, but surface temper-
ature of the city is not always warmer than that of the rural
area. The UHI defined by air temperature difference has dif-
ferent rules with UHI calculated by land surface temperature

Table 1: Simulation scenarios.

ISA Oasis Desert

CDISA True True True

CDC No Original oasis+ISA area True

CDD No True Original desert+ISA area

D No No Original desert+ISA+oasis

CDISA-CDC The effect on local climate of ISA expansion when the ISA area was converted from oasis

CDISA-CDD The effect on local climate of ISA expansion when the ISA area was converted from desert

CDISA-D The effect on local climate when both oasis and ISA developed (true regional development)

CDC-D The effect on local climate when oasis only developed
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difference. Some researchers think that remotely sensed
UHIs are usually stronger and exhibit the greatest spatial var-
iability of UHIs [45]. However, why do 2m UHI and surface
UHI have different diurnal variation patterns rather than just
quantity differences in this study? The main reason is that
UHI is not only from the difference of specific heat capacity

for the averaged urban surface and rural area surface, which
results in larger difference between surface and its over
air evidenced by the greater range of TUD than TVD
(Figure 4), but is also closely related with the complex and
heterogeneous three-dimensional structure, which makes it
difficult for energy to spread out. Anthropogenic heat is a
major contributor to the formation of the UHI. Sources
include heat generated by the combustion process in vehicles,
heat created by industrial processes, the conduction of heat
through building walls or emitted directly into the atmo-
sphere by air-conditioning systems, and the metabolic heat
produced by humans [46]. Therefore, surface UHI can only
reflect responsibility of land surface to energy, while 2m
UHI reflected land-atmosphere interaction status including
effects of atmospheric pollution on absorption and scattering
of longwave shortwave radiation, anthropogenic heating,
“trap effect” from urban complex geometry, and energy
interaction between surface and over air. This further implies
that the main reason of UHI resulted from “trap effect” of
urban complex geometry or anthropogenic heat and also
implies that surface UHI according to the inversion temper-
ature from remote sensing data cannot reflect UHI compre-
hensively. (2) T2MD during night is higher than that during
the day, which indicates that the intensity of 2m UHI during
the night is stronger than that during the day. The reason
might be that 2m air temperature in both city environment
and rural environment is increasing and the difference of the
increasing rate between the two environments is relatively
less during daytime. While the 2m air temperature in both

Table 3: The Pearson correlation coefficient (r), index of agreement
(d), mean bias error (Bias), and root mean square error (RMSE)
between the simulated and observed for winter (DJF), spring
(MAM), summer (JJA), and fall (SON) in 1978, 1993, and 2004.

Year r d Bias (°C) RMSE (°C) S/U

1978

Spring 0.95 0.97 -0.562 2.46 21%

Summer 0.67 0.82 -0.046 2.27 32%

Autumn 0.98 0.99 0.2286 1.84 23%

Winter 0.96 0.97 0.7246 1.94 25%

1993

Spring 0.92 0.95 -1.1652 3.14 24%

Summer 0.86 0.90 -0.8438 1.8 29%

Autumn 0.95 0.97 0.3199 3.25 21%

Winter 0.66 0.74 2.216 5.04 26%

2004

Spring 0.98 0.98 -1.608 2.38 31%

Summer 0.91 0.94 -0.903 1.98 28%

Autumn 0.97 0.97 -0.0811 2.75 11%

Winter 0.92 0.95 1.2073 2.98 25%
∗S/U means proportions of systematic and unsystematic errors.

Table 2: Morphometric parameters and the physical properties of city elements in the modelling.

1978 1993 2004 2014

Land cover fraction

C3 crop 47.09 59.46 46.51 44.00

Sparse desert plant 49.99 20.43 13.58 10.45

ISA 2.92 20.11 39.91 45.55

Morphometric parameters

Mean building height 10 10 20 30

Height/width 1 1 2 3

Road properties

Main materials Asphalt, concrete Asphalt, concrete Asphalt, concrete Asphalt, concrete

Albedo 0.08 0.08 0.08 0.08

Emissivity 0.94 0.94 0.94 0.94

Roughness length 0.05m 0.05m 0.05m 0.05m

Roof properties

Main materials Asphalt, mortar, concrete Asphalt, mortar, concrete Asphalt, mortar, concrete Asphalt, mortar, concrete

Albedo 0.14 0.14 0.14 0.14

Emissivity 0.90 0.90 0.90 0.90

Roughness length 0.15m 0.15m 0.15m 0.15m

Wall properties

Main materials Plaster, concrete, brick Plaster, concrete, brick Plaster, concrete, brick Plaster, concrete, brick

Albedo 0.14 0.14 0.14 0.14

Emissivity 0.90 0.90 0.90 0.90
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city environment and rural environment is decreasing after
sunset, the decreasing rate of 2m air temperature in rural
environment is much quick than that in city environment
(the slow release due to “trap effect” from urban complex
geometry), which makes the temperature difference between
the city and the rural environment continue to increase.
These indicate that the intensity of 2m UHI during daytime
mainly resulted from the difference of energy absorption rate
of the city and rural area, while the UHI intensity during
night is decided by energy release rate of these two environ-
ments. This further confirms the above conclusion that the
UHI intensity is determined more by “trap effect” from

urban complex geometry or anthropogenic heat after urban
expansion. (3) Both T2MD and TSD at sun rising time are
the lowest in a day, which illustrates that the UHI is the
weakest at sun rising time. (4) The intensity of 2m UHI in
the whole year displays similar twin peak trends. The stron-
gest period of 2m UHI is April, September, and October in
this region and relatively weaker during July, when it is the
warmest period in the study area. The reason is that the
evapotranspiration difference between the rural area and
the urban area in July significantly decreased, thereby the
temperature difference between them also decreased. The
range of hourly and yearly averaged surface UHI is from
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-4°C to 7°C and from -3°C to 3°C, respectively, which were
greater than that of 2m UHI, with the range from 0°C to
3.5°C and 0°C to 2°C, respectively.

3.3. Effects on Local Climate Resulted from Increasing of ISA.
2m temperature difference between the true scenario and
the three assumed scenarios can quantitatively reveal the
contribution to local climate of regional land use change.
The red and green dotted lines in Figure 5 represented the
change of 2m temperature that resulted from the expansion
of ISA in the four years at the expense of crop and desert,
respectively. And black solid line and dark-green dotted line
in Figure 5 represented the change of 2m temperature that
resulted from true regional development and without urban
development, respectively. No matter if ISA was converted
from oasis or desert, this conversion would increase local
temperature in this region (red and green dotted lines in
Figure 5), and increased magnitude of annual temperature

that resulted from crop to ISA conversion from 1978 to
2014 was 0.02°C, 0.16°C, 0.23°C, and 0.31°C, which was
more than desert-ISA conversion directly. This confirms
that urban development in the past 60 years resulted in
the increasing of local temperature. Moreover, according
to the true regional development, both urban and city are
expanded in the past 60 years, but the “cooling effect” caused
by expansion of oasis to local climate in the study region
(dark-green dotted lines) was counteracted by the effect from
urban expansion.

Bowen ratio (B) difference is important to understand the
local climate change of land use change from the view point
of available energy. If B is greater than 1, a greater proportion
of the available energy at the surface is passed to the atmo-
sphere as sensible heat than as latent heat, vice versa [47].
Figure 6 displays B in the true scenario and the B differences
between the true and the three assumed scenarios in 1978,
1993, 2004, and 2014. No matter if the ISA was converted
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from land cover of crop or desert, there is no doubt that city
development resulted in the increasing of B in a year (red and
green dotted lines). The reason might be from the double
effects of rising in sensible heat and declining in latent heat.
Increased sensible heat flux was caused by more heat
storage due to “trap effect” which resulted from rough
three-dimensional shape of urban area, relatively smaller
reflectivity and heat capacity, and decreased latent heat flux
was due to rare vegetation in the city. Thus, the increasing
of B was a positive correlation with the increasing of ISA,
which implies that B can also be an indicator of urbanization.
Oasis development can lead to decreased B in a year except
for the growing peak season, which can be seen from the dif-
ferent comparison between CDC and D scenario (dotted
dark-green line in Figure 6). Compared with the original
undeveloped environment, local thermal environment was
in a relatively balanced state based on equivalent increased
sensible heat and decreased latent heat in 1978 and 1993
due to combined effects of urban and oasis expansion, but
local climate becomes warmer due to dominant increased
sensible heat after 1993.

In order to explore the quantitative effects of oasis and
urban expansion on the local climate, 2m averaged tempera-
ture and B difference between true scenario (CDISA) and
undeveloped environment (D) were compared in the years
1978, 1993, 2004, and 2014 (Figures 7(a) and 7(b)). B dif-
ference is almost greater than zero in the four years
(Figure 7(a)); both B and local temperature increased from
1978 to 2014 (Figures 7(a) and 7(b)). The relation between
both annual B and temperature with extended ISA is a posi-
tive correlation (see Figure 7(c)), the conclusion that regional
land development in the study area, especially the growth of
ISA, resulted in the increased B and local temperature.

4. Discussion

In this study, the effects of oasis-urban (regional) develop-
ment on local climate in arid area of Northwest China from
viewpoints of surface and 2m UHI intensity and the change
of available energy partition, using SURFEX land surface
model, were discussed.
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Our study also contributes certain new findings. The dif-
ferences between surface and 2m UHI show different diurnal
variation patterns, rather than just quantity differences in
this study. This conclusion is different from papers [1, 20,
25]; they indicate that surface and 2m UHI have similar
diurnal variations and differ only in magnitude. In addition,
compared with the original undeveloped environment, local
thermal environment was in a relatively balanced state in
1978 and 1993 due to the combined effects of urban and
oasis expansion, but local climate becomes warmer due to
the dominant increased sensible heat after 1993. This result
is consistent with the findings reported in previous inves-
tigation [48], in which the author considered that the urban-
ization of most cities in northwestern China resulted in
considerable negative warming effects before 1978, but in evi-
dently positive effects after this year.

However, the report is only partly supplementary to the
effects of urban development in the arid area; there are still
many aspects that need to be studied or explored in depth,
such as modelling uncertainty. Although we think it is feasi-
ble to use a grid forcing data in plain area, we plan that the

further research focus on the sensitivity analysis for uncer-
tainty of different forcing data and model parameters and
larger ISA, to explore the response of oasis-urban heat island
to these parameters. As we all know, the poor choice of
parameter values can cause a large drop in performance
for models [49]; if better observed information about FK
city such as annual air pollution, average building height,
building materials, and larger cities are available in this
study, then the simulated accuracy of this model can be
improved and the conclusions in this study are more con-
vincing. In addition, the simulations in this paper are uni-
directional, not bidirectional, and these will bring some
unpredictable uncertainty.

5. Conclusion

The SURFEX 7.3 was used to simulate effects of oasis-urban
development on local climate in arid area of Northwest
China from viewpoints of surface and 2m UHI intensity
and available energy partition. We performed a true scenario
and four assumed scenario simulations in each year of 1978,
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Figure 6: Bowen ratio (B) and its differences between the true and assumed scenarios in 1978, 1993, 2004, and 2014.
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1993, 2004, and 2014 and obtained the following conclusions.
(1) 2mUHI always displays positive twin peaks during whole
day, while surface UHI displays a positive single peak during
daytime at the four seasons in the four years, displaying a
cooler surface during deep night. Surface UHI can only
reflect responsibility of land surface to energy, while 2m
UHI reflects a comprehensive and three-dimensional land-
atmosphere interaction after urban development. The UHI
is determined more by “trap effect” from urban complex
geometry or anthropogenic heat after urban expansion and
that surface UHI according to the inversion temperature
from remote sensing data cannot reflect UHI truly and
comprehensively. (2) The urban development increased
local temperature and available energy ratio (B) no matter
if the ISA was converted by oasis or desert. Compared
with the original undeveloped environment, local climate
was in a relatively balanced state in 1978 and 1993 due
to “heating effect” of urban and “cooling effect” of oasis,
but the offsetting effect from oasis would become weaker

with the increasing of ISA. We hope the report can not only
be beneficial to local planners but be helpful to regional
climate researchers.

Data Availability

The data including validating data, forcing data for land sur-
face model, code for processing output from land surface
model, et al. used to support the findings of this study have
been deposited in the “GitHub” repository (https://github
.com/mmzpb/Urban-in-arid-area).

Additional Points

Highlights. 2m urban heat island (UHI) intensity during
night is higher than that during the day. UHI intensity is con-
tributed more by “trap effect” from urban complex geometry
or anthropogenic heat. Surface UHI according to land sur-
face temperature from remote sensing data cannot reflect
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Figure 7: Local thermal environment change with the increasing of ISA.
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UHI truly and comprehensively. Local climate in the study
area was in a relatively balanced state in 1978 and 1993 due
to “heating effect” of urban and “cooling effect” of oasis.
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