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Surface albedo is one of the key parameters of land surface radiation and energy balance. As surface albedoes for visible and near-infrared
solar radiation are quite different, solar radiation partitioning is important to parameterize the total surface albedo and upward solar
radiation. In this paper, a surface albedo parameterization scheme was introduced and a solar radiation partitioning method was
developed to improve the simulation of the upward solar radiation. )e simulation results were validated in a hinterland site of the
Taklimakan Desert.)e surface albedo is not only associated with the soil moisture, but associated with the solar zenith angle.)e solar
radiation partitioning method considers the joint influences of cloud cover, near-surface air pressure, and solar zenith angle and was
compared with the method using the Simple BiosphereModel version 3 (SiB3).)e total albedo depends on the partitioning of the total
visible and near-infrared radiations. )e results indicate the surface albedo parameterization scheme is important to parameterize the
upward solar radiation. )e new solar radiation partitioning method could improve the simulation result.

1. Introduction

Surface albedo is defined as the surface reflected solar radiation
divided by the surface incident solar radiation. It is one of the
key parameters of land surface radiation [1] and energy balance
[2, 3] and shapes the earth’s climate and climate change [4–14].
In arid and semiarid regions, such as the Taklimakan Desert, as
the fractional vegetation cover is relatively low, the surface
albedo is an important parameter in land surface temperature
variation [15] and hence has impact on the atmospheric cir-
culation [16] and water cycle. As a result, the surface albedo is
an important parameter in aridification [17] and desertification
[18] for arid and semiarid land surfaces.

Some land surface models such as the Common Land
Model (CoLM) [19] only consider the effect of soil color and
soil moisture on surface albedo parameterization. Many
research results [20–27] show that surface albedo is not only
associated with the soil moisture and soil color, but also
associated with the solar zenith angle. In addition, surface
albedo is also associated with the wave length of solar ra-
diation [28, 29]. )e albedo for near-infrared solar radiation

is usually larger than that for visible solar radiation. As the
surface albedoes for visible and near-infrared solar radiation
are quite different, solar radiation partitioning is important
to parameterize the total surface albedo and the upward solar
radiation. Weiss and Norman [30] partitioned the clear day
solar radiation into four parts based on Bouguer’s Law, i.e.,
the direct visible, diffuse visible, direct near-infrared, and
diffuse near-infrared solar radiation. )ese four parts of
solar radiation are associated with the solar zenith angle and
the near-surface air pressure. In the Simple Biosphere Model
version 3 (SiB3) [31–33], these four parts of solar radiation
are associated with the cloud cover.

In this paper, Zheng’s [29] method was introduced to the
integrated urban land model (IUM) [34] to parameterize the
surface albedo for bare soil in arid and semiarid areas. A
solar radiation partitioning method was developed based on
[30]. In order to expand the applicability of the solar ra-
diation partitioning method to all weather conditions, the
effect of cloud cover was considered in the solar radiation
partitioning method. Both the surface albedo parameteri-
zation scheme and the solar radiation partitioning method
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were validated by comparing with the observed upward solar
radiation in a hinterland site of the Taklimakan Desert.

2. Data and Method

2.1. Study Site. Taklimakan Desert is located in Central Asia;
it is the second biggest desert in the world. )e precipitation
of the Taklimakan Desert is extremely scarce, and the climate
is extremely dry. )e land cover of the Taklimakan Desert is
relatively single. )e fractional vegetation cover is very low.
)e Taklimakan Desert atmospheric environment obser-
vation experimental station (Tazhong station) is located in
the hinterland of the Taklimakan Desert. )e altitude is
1099.3m and the longitude and latitude are 83.650 E and
38.967N, respectively (Figure 1).

2.2. Data. )e observational data from the Tazhong station
are used to initialize and drive the land surface model and
validate the surface albedo and solar radiation partitioning
method.)e turbulent heat fluxes including the sensible heat
flux and the latent heat flux are measured using the eddy
covariance (EC) technique at 80 meter height. )e radiation
fluxes including the upward and downward shortwave and
longwave radiation are measured using the Kipp & Zonen
CNR-1 net radiometer. )e observed upward shortwave
radiation data are used to validate the simulation results.)e
simulation time period is a whole year of 2014.)e temporal
resolution of the simulation is 30min.

2.3. Land Surface Model. )e IUM [34] was developed based
on the Common Land Model (CoLM) [19]. As an integrated
land model, IUM integrates the urban land model with the
common land model. For the natural land surface, IUM was
developed based on CoLM. A whole layer soil evaporation
parameterization scheme was developed to improve the
simulation of soil evaporation especially in arid areas. For the
urban land surface, the energy and water balance model were
modified; urban land surface parameters such as the an-
thropogenic heat (AH), albedo, surface roughness length, and
imperious surface evaporation were also reparameterized. A
mosaic schemewas applied in order tomaximize the use of the
high-resolution land use and land cover (LULC) data.

2.4. Method

2.4.1. Surface Albedo. )e solar radiation partitioning and
surface albedo parameterization method in the IUM are
both the same as those in the CoLM. )e surface albedo is
defined as follows [19]:

α �
αvis,dif + αnir,dif 

2
, (1a)

αnir,dif � 2 · αvis,dif , (1b)

where α is the surface albedo and αvis,dif and αnir,dif are the
surface albedoes for visible and near-infrared diffuse solar

radiation, respectively. For bare soil, they are associated with
the soil wetness and the soil color.

In this paper, the surface albedo parameterization
scheme is from [29]. )e surface albedo is not only asso-
ciated with the soil wetness, but also associated with the solar
elevation angle. For bare soil in arid and semiarid areas,
surface albedo could be parameterized as follows:

αvis,dif � 0.22 × 1 + exp − 0.15 × hθ(   − 0.45 × θ, (2a)

αnir,dif � 0.26 × 1 + exp − 0.15 × hθ(   − 0.45 × θ, (2b)

αvis,dir � αvis,dif , (2c)

αnir,dir � αnir,dif , (2d)

where hθ is the solar elevation angle (°), θ is the volumetric
soil moisture, and αvis,dir and αnir,dir are the albedoes for
visible and near-infrared direct solar radiation, respectively.

2.4.2. Solar Radiation Partitioning. In the IUM, the solar
radiation is divided into two equal parts, namely, the visible
and near-infrared diffuse radiation. In theory, solar radiation
could be divided into six parts: they are visible, near-in-
frared, and ultraviolet direct and diffuse radiation. )e
percentage of ultraviolet radiation is relatively small and
could be neglected. )e visible and near-infrared radiation
are associated with the solar zenith angle, the cloud fraction,
and the near-surface air pressure. In this paper, the solar
partitioning method is based on [30]. )e four components
of solar radiation could be partitioned as follows:

Rdv � 600 × exp
− 0.185 × P/P0( 

cos Zθ( 
  × cos Zθ( , (3a)

Rfv � 0.4 × 600 − Rdv(  × cos Zθ( , (3b)

Rdn � 720 × exp
− 0.06 × P/P0( 

cos Zθ( 
  − w 

× cos Zθ( ,

(3c)

Rfn � 0.6 × 720 − Rdn − w(  × cos Zθ( , (3d)

where Rdv, Rfv, Rdn, and Rfn are the direct visible, diffuse
visible, direct near-infrared, and diffuse near-infrared solar
radiation (Wm− 2), respectively; P is the near-surface air
pressure (Pa); P0 is the sea surface air pressure (Pa), which is
101,325 Pa; Zθ is the solar zenith angle (°); and w is the water
absorption in the near-infrared for 10mm of precipitable
water (Wm− 2), which could be calculated as follows:

w � 1320 × anti log10 − 1.1950 + 0.4459

× log10 cos Zθ( ( 
− 1

  − 0.0345

× log10 cos Zθ( ( 
− 1

  
2
.

(4)
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Weiss and Norman’s method is only suitable for clear
sky condition. In order to expand the applicability to all
weather conditions, the method was corrected to consider
the effect of cloud cover. As the cloud cover increases, the
percentage of the diffuse solar radiation increases and the
percentage of the direct solar radiation decreases. )e
correction coefficients are calculated as follows:

CV �
Rdv + Rdn( 

R × Rcloud
×

Rfv

Rfv + Rfn( 
, (5a)

CN �
Rdv + Rdn( 

R × Rcloud
×

Rfn

Rfv + Rfn( 
, (5b)

where CV and CN are the correction coefficients for visible
and near-infrared radiation, respectively, R is the total solar
radiation (W m− 2), and Rcloud is the cloud fraction, which
could be calculated as follows [31–33]:

Rcloud �
1160 × cos Zθ(  − R 

963 × cos Zθ(  
, 0≤Rcloud ≤ 1. (6)

After considering the correction coefficients, the four
components of solar radiation could be calculated as follows:

Rdvn � Rdv − CV, (7a)

Rfvn � Rfv + CV, (7b)

Rdnn � Rdn − CN, (7c)

Rfnn � Rfn + CN, (7d)

where Rdvn, Rfvn, Rdnn, and Rfnn are the direct visible, diffuse
visible, direct near-infrared, and diffuse near-infrared solar
radiation (Wm− 2) after considering the correction co-
efficients, respectively.

In order to evaluate the solar radiation partitioning
method, it is compared with the method used in Simple
Biosphere Model version 3 (SiB3) [31–33]. For the SIB3, the
solar radiation partitioning is based on the cloud cover and
the solar zenith angle, which could be calculated as follows:

Rdv � 1 − Pf(  × Pv × R, (8a)

Rdn � 1 − Pf(  × 1 − Pv(  × R, (8b)

Rfv � Pf × Pv × R, (8c)

Rfn � Pf × 1 − Pv(  × R, (8d)

where PV and Pf are the percentages for visible and diffuse
radiation, respectively. )ey could be calculated as follows:

Pv �
580 − Rcloud × 464( 

580 − Rcloud(  × 499 
+ 580 − Rcloud × 464( , (9a)

Pf � Rcloud + 1 − Rcloud(  ×
0.0604

cos Zθ((  − 0.0223
  + 0.0683.

(9b)

After considering the solar radiation partitioning, the
upward shortwave radiation should be parameterized as
follows:

S↑ � Rdvn × αvis,dir + Rdnn × αnir,dir + Rfvn × αvis,dif

+ Rfnn × αnir,dif × R,
(10)

where S↑ is the upward solar radiation (W m− 2). )e total
surface albedo is calculated as follows:

α � Rdvn × αvis,dir + Rdnn × αnir,dir
+ Rfvn × αvis,dif + Rfnn × αnir,dif .

(11)
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Figure 1: Location of the Tazhong station in the Taklimakan Desert.
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2.4.3. Experiments Design. Four sets of experiments were
designed to perform the simulation of the IUM (Table 1).
Experiment one is the control run, and the default IUM was
used in this experiment. For experiment two, only the new
surface albedo parameterization scheme was used. For ex-
periment three, both the new surface albedo parameteri-
zation scheme and solar partitioning method in SiB3 were
used. For experiment four, both the new surface albedo
parameterization scheme and the new solar partitioning
method were used.

3. Results and Discussion

First, we compared the default and the new surface albedo
parameterization schemes. Figure 2 shows the annual av-
eraged diurnal cycles of the visible and near-infrared surface
albedoes simulated by the default and the new surface albedo
parameterization schemes. As the soil moisture has little
change during the diurnal cycle period, the default surface
albedoes have little change; the near-infrared surface albedo
is twice as much as the visible surface albedo (equation (1b)).
)e new surface albedoes are relatively high in the morning
and at dusk because at these times, the solar zenith angles are
relatively large. )e near-infrared surface albedo is less than
twice of the visible surface albedo; the ratios between the
near-infrared surface albedo and the visible surface albedo
are almost 1.2.

)en, we compared the new solar partitioning method
with the method based on [30] (Figure 3). After considering
the effect of cloud cover, the diffuse visible and near-infrared
radiations are increased and the direct visible and near-
infrared radiations are decreased. From equations (7a)–(7d),
the total visible and near-infrared radiations remain un-
changed. As the total albedo only depends on the parti-
tioning of the total visible and near-infrared radiations
(equations (2a)–(2d)), the upward solar radiation has no
relation with the cloud fraction. )en, we compared the new
solar partitioning method with the method based on SiB3
(Figure 4(a)). For the new solar partitioning method, the
diffuse visible and near-infrared radiations are both de-
creased and the direct visible and near-infrared radiations
are both increased. We also compared the total visible and
near-infrared radiations for these two solar partitioning
methods (Figure 4(b)). For the SiB3-based solar partitioning
method, the total visible solar radiation is larger than the
total near-infrared solar radiation for the whole diurnal cycle
period. On the contrary, for the new solar partitioning
method, the total visible solar radiation is smaller than the
total near-infrared solar radiation for the whole diurnal cycle
period. As the near-infrared surface albedo is larger than the
visible surface albedo, it could be deduced that the total
albedo based on the SiB3 solar partitioning method is
smaller than that based on the IUM default solar partitioning
method. On the contrary, the total albedo based on the new
solar partitioning method is larger than that based on the
IUM default solar partitioning method.

To evaluate the surface albedo and solar radiation par-
titioning method, we compared the upward solar radiation
simulation results for these four sets of experiments with

those of the observations for the whole year (Figure 5).
Table 2 lists the statistical variables of the upward solar
radiation simulated by these four sets of experiments
compared with those of the observations for the whole year.

Table 1: Experiments’ design.

Surface albedo Solar partitioning
Set 1 (control run) Default scheme No
Set 2 New scheme No
Set 3 New scheme SiB3
Set 4 New scheme New method
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Figure 2: Comparison of the annual averaged diurnal cycle of the
visible and near-infrared surface albedoes between the default and
the new surface albedo parameterization schemes.
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Figure 3: Comparison of the annual averaged diurnal cycle of the
solar radiation partitioning between Weiss and Norman and the
new surface albedo parameterization schemes.
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Figure 4: Comparison of the annual averaged diurnal cycle of the solar radiation partitioning between the method based on the SiB3 and the
new surface albedo parameterization schemes. (a) Direct visible radiation, diffuse visible radiation, direct near-infrared radiation, and
diffuse near-infrared radiation. (b) Total visible and near-infrared radiation.
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Figure 5: (a) Comparison of the simulated upward solar radiations for the control run and the set 2 with those of the observations for the
whole year. (b) Annual averaged diurnal cycle of the relative differences between the simulated upward solar radiations for the set 2, set 3,
and set 4 with those of the observations.

Table 2: Biases, mean errors (MEs), root mean square errors (RMSEs), and correlation coefficients (Rs) of the upward solar radiation
simulated by the four sets of experiments compared with those of the observations for the whole year.

Biases (W/m2) MEs (W/m2) RMSEs (W/m2) Rs
Set 1 (control run) 14.13 14.55 27.95 0.9899
Set 2 − 4.58 5.86 11.55 0.9904
Set 3 − 4.72 5.96 11.66 0.9905
Set 4 − 4.19 5.56 11.17 0.9906
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In general, for the default surface albedo scheme, the sim-
ulated upward solar radiation is larger than the observation.
After using the new surface albedo parameterization scheme,
in general, the simulated upward solar radiation is decreased
and lower than that of the observation.)e simulation result
is improved definitely compared with the observation; the
absolute bias is reduced almost 70%. )e mean error and
root mean square error are all reduced too. As the total
albedo based on the SiB3 solar partitioning method is
smaller than that based on the IUM default solar partitioning
method, the SiB3-based solar radiation partitioning method
could not improve but deteriorate the simulation result. )e
new solar radiation partitioning method could improve the
simulation result, but the range is relatively small; the bias is
reduced about 8.5%. However, the solar radiation parti-
tioning mechanism study is still important to land surface
radiation and energy balance research.

)en, we compared the simulated upward solar radiation
for these four sets of experiments with those of the obser-
vations for the four seasons. Table 3 lists the statistical variables
of the upward solar radiation simulated by these four sets of
experiments compared with those of the observations for each
seasons. After using the new surface albedo parameterization
scheme, the simulation result is improved in spring, summer,
and autumn but deteriorated in winter. )e improvement
range is the largest in summer; the absolute bias is reduced
almost 91%. In winter, the new surface albedo is too small.
Compared with the default solar radiation partitioning
method, the SiB3-based solar radiation partitioning method
deteriorates the simulation results in all the four seasons. On
the contrary, the new solar radiation partitioning method
improves the simulation results in all the four seasons.

4. Conclusions

In this paper, a surface albedo parameterization scheme was
introduced and a solar radiation partitioning method was
developed to improve the simulation of the upward solar

radiation. )e simulation results were validated in a hin-
terland site of the Taklimakan Desert. )e results indicate
the surface albedo parameterization scheme is important to
parameterize the total surface albedo and upward solar
radiation. For the whole year, after using the new surface
albedo parameterization scheme, the absolute bias is reduced
about 70%. )e seasonal analysis indicates the new surface
albedo parameterization method could improve the simu-
lation in spring, summer, and autumn. In summer, the
absolute bias is reduced about 91%. As for the solar radiation
partitioning, the total albedo only depends on the parti-
tioning of the total visible and near-infrared radiations. )e
new solar radiation partitioning method could improve the
simulation result; the bias is reduced about 8.5%. As the
surface albedo is a key parameter in surface radiation and
energy balance, the findings of this paper could be used in
land surface modeling and land-atmospheric interaction
research especially in arid and semiarid areas.

In the near future, more sites should be used to validate
the universality of the surface albedo parameterization
scheme. )e observed four components of solar radiation
should be used to validate the solar radiation partitioning
methods. )e visible direct, visible diffuse, near-infrared
direct, and near-infrared diffuse radiation data retrieved
from Moderate-Resolution Imaging Spectroradiometer
(MODIS) [35, 36] should be assimilated into the IUM to
expand the application of the solar radiation partitioning
method to the regional and global scale.

Data Availability

)e observational data from the Tazhong station are from
the Institute of Desert Meteorology, China Meteorological
Administration, and are available upon request to the
corresponding author via e-mail: clmeng@ium.cn.
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Table 3: Biases, mean errors (MEs), root mean square errors (RMSEs), and correlation coefficients (Rs) of the upward solar radiation
simulated by the four sets of experiments compared with those of the observations for each season.

Seasons Sets Biases (W/m2) MEs (W/m2) RMSEs (W/m2) Rs

Spring

Set 1 (control run) 14.09 16.53 27.41 0.9947
Set 2 − 8.41 8.68 13.90 0.9945
Set 3 − 8.54 8.80 14.05 0.9945
Set 4 − 7.97 8.28 13.37 0.9945

Summer

Set 1 (control run) 23.17 25.04 41.41 0.9875
Set 2 − 2.17 6.55 11.69 0.9873
Set 3 − 2.43 6.68 11.73 0.9873
Set 4 − 1.71 6.33 11.64 0.9873

Autumn

Set 1 (control run) 10.80 13.30 22.51 0.9980
Set 2 − 5.08 5.23 7.76 0.9982
Set 3 − 5.15 5.29 7.86 0.9982
Set 4 − 4.72 4.91 7.25 0.9982

Winter

Set 1 (control run) 4.30 7.10 12.08 0.9941
Set 2 − 6.63 6.92 12.35 0.9932
Set 3 − 6.74 7.01 12.51 0.9932
Set 4 − 6.33 6.64 11.90 0.9932
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