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Abstract In this paper, the field experiments on ground surface spectral broadband solar radiation (SR) and
corresponding albedo were introduced at three man-made sites at Gobi, desert, and bare loess zones during
three different intensive observational periods (IOP) from 2010 to 2013 in Gansu Province, respectively. The
continuous and high temporal resolution records of ground surface solar radiation are presented, including
global (GR), ultraviolet (UV), visible (VIS), and near-infrared radiation (NIR). The corresponding albedos are
analyzed over three typical nonvegetated underlying surfaces in arid and semiarid and semihumid regions of
northwestern China. The preliminary investigations were carried out. The results show that the variation trends
of UV, VIS, and NIR are coincident with the GR, and the irradiances are gradually decreasing throughout the
IOP at each site; the energy ratios of VIS/GR are all approximately 40.2%, and the ratios of NIR/GR are all
approximately 54.4% at the Gobi, desert, and bare loess zones; and the averaged albedos of the soil for VIS are
0.231, 0.211, and 0.142 and for the NIR are 0.266, 0.252, and 0.255 over the Gobi, desert, and bare loess land
surfaces, respectively. The energy ratios of VIS/GR and NIR/GR are not 50% as prescribed for all of the soil
color classes inmost of land surfacemodels (LSMs). The observational soil albedo values for NIR are not twice to
that of the VIS as predicted in some LSMs for the underlying surface at the three sites. GR albedo is determined
by the energy ratios of SR/GR and SR albedos.

1. Introduction

The global climate has undergone significant changes over the past several decades [Barnett et al., 1999;
Trenberth et al., 2007; Cox and Stephenson, 2007]. Although other features are recognized as equally important
consequences of global climate change, changes in average air and ground temperatures have been the
most apparent [Jones et al., 1999; Soloman et al., 2007; Overpeck et al., 2011; Stocker et al., 2013; Ji et al., 2014;
Wang, 2014], and global temperature has become the primary metric of global climate change [Wang and
Dickinson, 2013]. The overall increase in global temperature over the last century is largely attributed to
anthropogenic and natural and external factors, e.g., increases in greenhouse gas, aerosol and nitrogen oxides,
and changes of cloudiness and cloud pattern in the upper troposphere, etc. [Kiehl and Trenberth, 1997; Tett et al.,
1999; Barnett et al., 1999, 2005; Trenberth et al., 2007; Knutti and Hegerl, 2008;Mercado et al., 2009;Murphy et al.,
2009; Trenberth and Fasullo, 2009; BurkHardt and Karcher, 2011; Huber and Knutti, 2011; Rigby et al., 2014].

Surface incident solar global radiation sustains life and shapes the structure of environment, weather, and
climate patterns on Earth [Trenberth et al., 2008]. It is the source of a variety of physical processes in the
climate system and is one of the most important factors affecting the climate system and environment. It
drives the interactions between the Earth’s surface and atmosphere while also affecting surface substance
and energy variations [Wang et al., 2001, 2002a, 2002b, 2013]. It has been extensively studied by using various
radiometers to examine whether the variations of surface incident solar radiation have partially caused
observational decadal temperature variability trends [Wang et al., 2013; Wang and Dickinson, 2013].

Land surface albedo is defined as the fraction of incident solar energy reflected by the land surface over
the solar spectral domain [Dickinson, 1983, 1995; Tsvetsinskaya et al., 2002; Z.Wang et al., 2004; N. F. Liu et al.,
2013; Q. Liu et al., 2013]. It directly controls the net solar radiation absorbed at the surface. Hence, it
significantly affects surface energy and energy budget redistribution. As one of the fundamental forcing
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parameters of general circulation models, hydrology models, numerical weather models, and climate models,
surface albedo plays an important role in shaping the Earth’s radiation energy budget and determining Earth
surface temperature and evapotranspiration [Dickinson, 1995; Manalo-Smith et al., 1998; Xue et al., 1991;
Z. Wang et al., 2004; Barnes and Roy, 2008, 2010; Trenberth and Fasullo, 2009; Liang et al., 2010; Loew and
Govaerts, 2010; Bala and Nag, 2012; Q. Liu et al., 2013; Qu et al., 2013;Meng et al., 2013]. Spatiotemporal variability
in surface albedo is often associated with environmental change and human activities [Wilson et al., 1987;
Dirmeyer and Shukla, 1994;Moritz et al., 2002; Jin and Roy, 2005; Bsaibes et al., 2009;N. F. Liu et al., 2013]. One of the
most important feedback processes in the climate system related to land ground surface and atmosphere is
the land-albedo feedback. It results from the ability of the ground surface to reflect solar radiation back to the
atmosphere and the relationship between this ability and temperature. Surface albedo decreases with the
warming in ground and air temperature, and then can lead to further warming. Consequently, more irradiance
reaches the ground, more energy imbalance turns out. This is the famous biogeophysical feedback mechanism
driven by albedo that was first proposed by Charney [1975], who proved that human activity increases stress
on vegetation cover. The stress may in turn further increase surface albedo, thus facilitate the occurrence of
drought. Hence, a positive feedback mechanism with rainfall may then further increase albedo [Charney et al.,
1977; Dickinson and Hanson, 1984]. The land-albedo feedback mechanism has been studied extensively through
incident and reflected irradiance measurements and surface physical properties. Courel et al. [1984] pointed out
the persistence of Sahel drought between 1973 and 1979 can be attributed to Charney’s land-albedo feedback
mechanism. Hence, global albedo effect is very pivotal to understanding the mechanisms of climate change
[Wielicki et al., 2005; Loew and Govaerts, 2010; Liang et al., 2013; Q. Liu et al., 2013; N. F. Liu et al., 2013].

Space-borne remote sensing has major advances in study of climate system and climate change, by providing
valuable information on the state of the Earth-atmosphere system and its components, and by quantifying
atmospheric processes and spatial-temporal states of the atmosphere, land and oceans in an area-wide and
continuous way. Over the past few decades, comprehensive satellite platforms with numerous sensors have
been constructed to monitor a wide range of atmospheric parameters examined in meteorological and
climatological studies, and the information retrieved from these satellite-based sensors has greatly enhanced
our understandings of processes and dynamics within the Earth-atmosphere system [Wielicki et al., 2005; Liang
et al., 2010; Thies and Bendix, 2011; Yang et al., 2013]. Albedo has been shown to be impacted by complex
combinations of soil classes and solar elevation angle. Land surface albedo can now be obtained via satellite
remote sensing [Xue and Cracknell, 1995;Wielicki et al., 2005; Bsaibes et al., 2009; Loew and Govaerts, 2010; Liang
et al., 2010, 2013; Q. Liu et al., 2013; N. F. Liu et al., 2013]. Spectral albedo measurements give rise to more
detailed analyses of ground surface properties.

However, satellite remote sensing also has a number of its own limitations. Analyzing albedo spectrums can
be used to describe different processes without carrying out extra in situ measurements as long as the
processes have been known that they have a known effect on spectral albedo. Furthermore, more spectral
albedo data sets are needed to validate and calibrate optical and microwave remote sensing instruments.
Time series data sets on spectral albedo are sparse because it is difficult to measure spectral radiation
accurately at high levels of temporal resolution on the technical and theoretical level [Wei et al., 2001;
Nikitidou and Kazantzidis, 2013; Wang et al., 2013].

Routine irradiance measurements are very valuable to climate change research due to their long time series
and broadband wavelength coverage. Ground surface solar radiation and corresponding albedo in arid and
semiarid and semihumid regions significantly can affect local and global energy balances and hydrothermal
circulation, and then they have been received considerable worldwide attention [Charney, 1975; Charney
et al., 1977; Courel et al., 1984; Dickinson and Hanson, 1984]. The majority of ground surface radiation
measurements have been limited to spot measurement and in situ measurement of four-component net
radiation in China [Zhang and Zhou, 2002; Ji et al., 2003, 2004; Yang et al., 2005; Wang et al., 2005, 2012;
Wei et al., 2005; Chen et al., 2006; Li et al., 2008, 2009; Ding et al., 2013; Ao et al., 2013]. Few studies have
analyzed surface spectral broadband solar radiation (hereinafter, referred to as SR) and corresponding albedo
in China [Wei and Lin, 1992; Ji et al., 1993; Jiang, 1993; Xiong et al., 1994; Zhang et al., 1996; Bai et al., 1998;
Zheng et al., 2012]. As well, relatively little is known of surface ground SR features, the ratios of SR to ground
surface global radiation (hereinafter, referred to as GR) and their accurate values of soil albedo for ultraviolet
radiation (hereinafter, referred to as UV), visible radiation (hereinafter, referred to as VIS) and near-infrared
radiation (hereinafter, referred to as NIR) in northwestern China. Quantifying these parameters is very critical
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to understanding land-atmosphere interactions, verifying, improving, and developing land surface models
(hereinafter, referred to as LSMs), and making sure how these factors may alter future weather and climate
patterns in northwestern China. Despite the importance of such data sets, high-resolution time series
measurements of these properties are not widely available, primarily because such observations involve
first overcoming several technical and logistical challenges, such as ensuring that sensors remain clean and
level [Nicolaus et al., 2010].

This paper presents a limited exploratory study which try to investigate whether the energy ratios of SR/GR
and spectral albedo values assigned in LSMs are correct for arid and semiarid and semihumid regions in
northwestern China. Consequently, three-field observational experiments were conducted at three typical
nonvegetated underlying surfaces during three different intensive observation periods (hereinafter, referred
to as IOP) from 2010 to 2013. Ground surface GR and SR data sets were collected and used to analyze surface
solar radiation and corresponding albedo characteristics in these areas. The present study quantifies the
energy ratio of SR/GR and the values of soil albedo for UV, VIS, and NIR using the data sets all collected
during IOP.

2. Review Soil Albedo Parameterization Scheme in LSMs

The identical or similar bare soil ground surface albedo parameterization schemes have been assigned in
some main LSMs, e.g., Community Land Model (CLM) [Oleson et al., 2010, 2013], Common Land Model [Dai
et al., 2003], Biosphere-Atmosphere Transfer Scheme [Dickinson et al., 1993], National Center for Atmospheric
Research Land Surface Model [Bonan, 1996], Simple Biosphere Model [Sellers et al., 1986], and Simplified
Simple Biosphere Scheme [Xue et al., 1991, 1996]. For most of LSMs, bare soil ground surface albedo varies
with the soil color classes and soil moisture, and the community parameterization formula is

αμ
soi;∧ ¼ α soi;∧ ¼ αsat;∧ þ Δ

� �
≤ αsoi;dry (1)

where αμ
soi;∧ is the soil albedo for the direct beam, αsoi,∧ is the soil albedo for the diffuse beam, θ is the

volumetric water content of the first soil layer, αsat,∧ and αsoi,dry are the albedos for saturated and dry soil color
classes, and Δ= 0.11� 0.40θ> 0 depends on θ, respectively.

Bare soil albedo is a function of prescribed soil color type and surface soil moisture but independent of solar
elevation angle. The lighter the color is, the higher the soil albedo is. Surface incident solar radiation is divided
into the following four portions: direct and diffuse beams for visible (λ< 700 nm) and near-infrared
(λ> 700 nm) wave bands, respectively. Bare soil albedo for the direct beam (αμ

soil;∧) and for the diffuse albedo

(αsoil,∧) are prescribed as equally for each soil color class. The soil albedo for wave band of NIR is assumed to
be twice those for VIS. A description of these features can be found in LSMs technical note [Dickinson et al.,
1993; Bonan, 1996; Dai et al., 2003; Oleson et al., 2010, 2013].

In the CLM, dry and saturated soil albedos are determined by soil color [Oleson et al., 2010, 2013]. Soil thermal
and hydrologic properties are determined by silt, sand, clay, and organic matter content. CLM soil colors
are prescribed based on the results in the previous scientific study of Lawrence and Chase [2007]. The
International Geosphere-Biosphere Programme soil data sets of 4931 soil mapping units and corresponding
sand and clay contents for each soil layer are used to create mineral soil texture [Bonan et al., 2002] and
organic matter density data sets [Lawrence and Slater, 2008] that vary with soil depth. These data sets can best
represent the Moderate Resolution Imaging Spectroradiometer (MODIS) local noon surface albedo for each
CLM grid cell. Soil colors are fitted for 20 soil types and are compared to the MODIS monthly local noon all-sky
surface albedos [Oleson et al., 2010, 2013].

Based on the technical note and procedure of CLM, when the first soil layer volumetric water content θ1 is
greater than or equal 0.257m3m�3, the model will use the saturated soil albedo for the VIS to calculate
ground surface albedo. Most of prevailing LSMs, the soil reflectance is assumed to be isotropic for all solar
angles. A saturated soil albedo value is also assigned to each color class, and this assigns the soil albedo
value for the NIR to be twice that of the VIS. The energy ratios of VIS/GR and NIR/GR are 50% as prescribed
for all different soil color class in LSMs, respectively [Dickinson et al., 1993; Bonan, 1996; Oleson et al.,
2010, 2013].
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3. Materials and Methods

Field experiments were conducted at Gobi, desert, and loess sites during IOP, respectively. These sites were
located in arid and semiarid and semihumid regions of Gansu Province in northwestern China, which were
designed for quantifying the land-atmosphere interactions at typical nonvegetated bare soil underlying
surfaces. They are representative of typical geomorphic feature of large areas in northwestern China. Figure 1
shows the spatial distribution of the three observational sites. Detail introductions of the three sites can be
seen in section 3.1. Over the course of field experiments, the sensors were checked and cleaned daily to
prevent water droplets, dust, and other materials from adhering to radiometer sensor domes.

3.1. Brief Description of Field Experiment Sites
3.1.1. Gobi Site
The Gobi site was located at 40°10′N, 94°31′E at an altitude of 1150 m to the west of Dunhuang City, Gansu
Province. The IOP was from 22 September to 21 October 2010. The site surrounding environment is typical
characterized by bare, flat, and homogeneous Gobi. It can well represent the large Gobi area. The Gobi
site ground surface is predominantly composed of small stones at the upper surface and fine sand at the
lower surface. Climate type of this site belongs to the continental drought climate temperature zone where
daily air temperature amplitude is very high. The maximum surface air temperature is 317 K, and the
minimum temperature is 245 K. The annual average air temperature and precipitation in the region are 279 K
and 39 mm, respectively, with 178 frost-free days per year over approximately the last 50 years [S.Wang et al.,
2004; Wei et al., 2006].
3.1.2. Desert Site
The desert site was located at 40°05′N, 94°40′E at an altitude of 1180 m to the south of Dunhuang City, Gansu
Province. The IOP was from 8 July to 13 October 2013. The desert site was surrounded by small sand hills. The
ground surface of desert site is covered by bare, flat, and homogeneous sand. Climate type and other
environmental conditions at the desert site are similar to those of at the Gobi site. Extreme drought, low
precipitation and high evaporation, high air temperature amplitudes are the predominant features of the
desert site.
3.1.3. Loess Site
The field experiment at loess site was carried out in the typical rain fed agricultural region of the Loess
Plateau. The landscape of the Loess Plateau is topographically complex with many ridges, hills, ditches, and
ravines [Zhang et al., 2014]. The loess site was located at 35°35′N, 106°42′E at an altitude of 1592 m in

Figure 1. Spatial distribution of the three observational sites.
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Pingliang City, Gansu Province. The IOP was from 25 July to 23 August 2013. Maize was planted around the site
throughout the IOP. We installed our measurement instruments in an open-field area surrounded by maize.
The ground surface is bare, flat, and homogeneous bare soil. Soil found in loess site was predominantlymedium
loam with a high proportion of silt. The soil is composed of 78% silt, 4% clay, and 18% sand at the upper 40 cm
layer [Zhang et al., 2009]. The site was located in a semiarid and semihumid climate zone. The maximum air
temperature is 307 K, and the minimum air temperature was 249 K. The annual average air temperature and
precipitation are 279 K and 510mm, respectively, with 2425 h of sunshine and 170 frost-free days per year over
approximately the last 60 years [Wei et al., 2005].

3.2. Field Experiments

Field experiments were conducted at the three different sites during the IOP. The downward and upward
GR irradiance (280–2800 nm), UV irradiance (280–400 nm), VIS irradiance (400–700 nm), NIR irradiance
(700–2800 nm), four-component net radiation irradiance on a horizontal plane, and soil temperatures at
different depths were measured, respectively.

The sets of spectral radiometers, manufactured by the Eppley Laboratory in USA, were used at the Gobi and
desert sites. The other set of spectral radiometers, manufactured by the YH83/PH-FSP in China, were used
at the loess site. GR, UV, and NIR irradiance were measured by using Precision Spectral Pyranometer (PSP),
Total Ultraviolet Radiometer (TUVR), and SKE510 model radiometers at the Gobi and desert sites. GR,
VIS&NIR, and NIR irradiance were measured by using WB280, JB400, and HB700 model spectral radiometers
at the loess site. Weather conditions at the Gobi and desert sites are virtually sunny during the IOP. A few
rainy days were being at the loess site. GR and SR were measured by using radiometers mounted at a
height of approximately 1.5 m above the ground surface. The observation data were all sampled at 1 min
intervals and averaged at 30 min intervals. All of the data were recorded by using a Data taker fitted with a
Personal Computer Memory Card International Association memory card. Detailed measurement instrument
technical parameters specification can be seen in Tables 1 and 2.

According to the measurement instruments used in this work (Tables 1 and 2), we do not have the all spectral
radiation radiometers (UV, VIS, and NIR) at each site. The NIR irradiance was not measured directly at the
Gobi and desert sites. The UV and VIS irradiance were not measured directly at the loess site. As the method

Table 1. Specifications of Measurement Instruments Technical Parameters Used at the Gobi and Desert Sites

Feature Global Ultraviolet Visible

Senor type PSP TUVR SKE510
Manufacturer Eppley, USA Eppley, USA Eppley, USA
Sensitivity 9 μV/Wm�2 150 μV/Wm�2 1mV/100Wm�2

Spectral range 280–2800 nm 285–395 nm 400–700 nm
Long-term stability ±2% ±2% ±2%
Response time 1 s 5 ms 10 ns
Linearity error ±0.5% ±2% <0.2%
Cosine error ±1% (0°< Z< 70°) ± 3% (70°< Z< 80°) <±3.5% (0°< Z< 70°) ± 10% (70°< Z< 80°) 3%
Temperature response ±1%/°C (�20°C to +40°C) ±0.3%/°C (�40°C to +40°C) ±0.1%/°C (�35°C to +70°C)

Table 2. Specifications of Measurement Instruments Technical Parameters Used at the Loess Site

Feature Global Visible and Near Infrared Near Infrared

Senor type WB280 JB400 HB700

Manufacturer China China China
Sensitivity 12.65 μV/Wm�2 11.20 μV/Wm�2 12.46 μV/Wm�2

Spectral range 280–2800 nm 400–700 nm 700–2800 nm
Long-term stability ±2% ±2% ±2%
Response time 1 s 10 ms 2 s
Linearity error ±0.5% ±2% ±1%
Cosine error ±1% (0°< Z< 70°) ± 2% (70°< Z< 80°) <±3% ±3%
Temperature response ±0.5%/°C (�30°C to +70°C) ±0.2%/°C (�40°C to +70°C) ±0.1%/°C (�40°C to +70°C)
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used in the previous study [Escobedo et al., 2011], the missing one can be indirectly estimated by calculation
using the other measurement values. The NIR irradiance at the Gobi and desert sites used in this work
was indirectly estimated: NIR =GR�UV� VIS. The UV irradiance at the loess site used in this work was
indirectly estimated: UV=GR� VIS&NIR. The VIS irradiance used in this work was indirectly estimated:
VIS = VIS&NIR�NIR.

Standard micrometeorological measurements were also conducted at the Gobi and loess sites during the IOP,
includingmeasurements of four-component net radiation, wind speed, wind direction, air pressure, precipitation,
air temperature, air relative humidity, soil temperature, and soil moisture at different depths. Because we only
focus on surface SR and corresponding albedos in this paper, we do not conduct a detailed analysis of the
micrometeorological data sets. All the measurement instruments used in this work have been calibrated at the
beginning and end of the field experiments.

3.3. Data Quality Control

Shi et al. [2008] pointed out the effect of Earth’s orbital changes on the amount of solar irradiance reaching
the Earth surface can be ignored when the research temporal scale is a short-term time scales of less than
1000 year. The solar irradiance at the top of the atmosphere (hereinafter, referred to as TOA) is determined by
latitude, day of year, and the solar constant. The daily solar irradiation G0 at the TOA over a ground station can
be calculated by the following formula [Iqbal, 1983]:

G0 ¼ 24��
3600

π=
�
Esc 1þ ρð Þcosφ cosδ�

� π
180= Þω0 � tanω0�ð½ (2)

where Esc is the solar constant, φ is the latitude of the station, δ is the solar declination, ω0 is the sunset
(sunrise) hour angle, and ρ is the relative eccentricity correction; ρ, δ, and ω0 are functions of day of year
(hereinafter, referred to as DOY). The solar constrain is set as 1367Wm�2.

Solar radiation at the Earth surface is also affected by atmospheric absorbing gases (mainly oxygen, water
vapor, and ozone), cloud, and aerosols. Quality control (hereinafter, referred to as QC) for the upper limit for
GR is mainly based on that GR should be smaller than extraterrestrial solar radiation G0 (equation (2)) at the
same geographical location. A strict lower limit for GR is actually difficult set. Even if the direct daily irradiation
at the surface could tend to nil under heavy overcast conditions, the diffuse daily irradiation hardly ever
reaches zero completely. No matter what the weather and environment are like, the surface always can
receive some solar radiation during the day. It is obvious that a lower limit for GR larger zero is reasonable.
The lower limit here is set as 3% of the incoming TOA solar irradiation, according to the scientific research of
Geiger et al. [2002].

QC for GR and SR irradiance is mainly following the five principles:

1. Observed GR and SR irradiances should be lower than that at the top of atmosphere and greater than the
lower limit at the same geographical location.

2. Upward irradiance should be lower than downward irradiance.
3. The energy ratio of UV/GR should be in the range of 2% to 10%. The ratio of VIS/GR should be in the range

of 30% to 50%. The ratio of NIR/GR should be in the range of 40% to 60%. Otherwise, it is considered as
questionable observation.

4. SR irradiances should be smaller than GR at each measurement time.
5. For each measurement time, UV should be lower than GR, VIS, and NIR, VIS should be lower than GR and

NIR, NIR be lower than GR, and GR should be greater than or equal to the sum of SR, respectively.

3.4. Theoretical Surface Albedo Considerations

According to the definition of albedo, ground surface albedo can be calculated using the following formula:

αg ¼ Sup=Sdown (3)

where αg is the ground surface albedo, Sdown is the total downward short-wave radiation (solar radiation
reaching the ground surface), and Sup is the total upward short-wave radiation (solar radiation reflected by
the ground surface), respectively. For this calculation, 30 min averaged data sets were used.
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The daily averaged albedo is calculated according to the weight factor. According tomethods in previous study
Wang et al. [2008], the weighted averaged surface albedo can be calculated using the following formula:

αg ¼
Xn

i¼1

Sdown;i
Xn

i¼1

Sdown;i

αgi (4)

where αg is the averaged ground surface albedo, Sdown,i is the total upward short-wave radiation for each
measurement time, αgi is the actual surface albedo for each measurement time, and i is the measurement
time, respectively. For this calculation, 30 min averaged data sets were used.
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Figure 2. Variations of the SR and GR irradiance during the IOP at (a) the Gobi site, (b) the desert site, and (c) the loess site.
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desert site, and (e, f ) the loess site, downward (Figures 3a, 3c, and 3e) and upward (Figures 3b, 3d, and 3f).
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4. Results
4.1. Radiation Components

Figure 2 shows temporal evolution of daily SR and GR irradiances during the IOP at the three sites, respectively.
The variations of SR and GR show the same gradually decreasing trend over the entire observational
period due to the seasonal transition and southward movement of the Sun. Overall UV, VIS, NIR, and GR
irradiances were significantly affected by the synoptic conditions. Figure 3 shows the diurnal cycles of SR
and GR in three typical sunny days at each site. The diurnal cycles of short-wave radiation obviously show a
virtually identical regular trend and exhibit a symmetrical distribution shape. The maximum irradiance
appeared at local noon. However, on cloudy day, the radiation cycles show an irregular trend and an
asymmetrical distribution shape.

The variations of the averaged energy ratios of SR/GR are plotted in Figure 4. As shown in Figure 4, the energy
ratios of SR/GR are almost constant at the three sites during the IOP. Statistical quantities of daily averaged
energy ratios at each site are summarized in Table 3. The energy ratio of UV/GR was in the range of 3.5%
to 8.5%, the ratio of VIS/GR was in the range of 36% to 46.8%, and the ratio of NIR/GR was in the range of
45.5% to 57.0%. The averaged energy ratios of VIS/GR and NIR/GR at three sites were approximately 40.2%
and 54.4%, respectively. The result reveals that energy ratios of VIS/GR and NIR/GR do not account for 50% as
prescribed in some LSMs [Sellers et al., 1986; Xue et al., 1991, 1996; Dickinson et al., 1993; Bonan, 1996; Dai et al.,
2003; Oleson et al., 2010, 2013]. The VIS portion is lower than 50%, but the NIR portion is higher than 50%.
The NIR portion is approximately 10%–15% higher than the VIS portion. That implies it is maybe necessary to

265 270 275 280 285 290 294
0

0.2

0.4

0.6

0.8

1

DOY,2010/Gobi site

R
at

io

0

0.2

0.4

0.6

0.8

1

R
at

io

0

0.2

0.4

0.6

0.8

1

R
at

io
UV VIS NIR

189 209 229 249 269 286
DOY,2013/Desert site

UV VIS NIR

206 211 216 221 226 231 235
DOY,2013/Loess site

UV VIS NIR

(a)

(b)

(c)

Figure 4. Variations of the averaged energy ratios of SR/GR during the IOP at (a) the Gobi site, (b) the desert site, and (c) the loess site.

Table 3. Statistics on the Averaged Energy Ratios of SR/GR at Each Site (Unit: %)

Gobi Site Desert Site Loess Site

Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean

UV 4.5 5.4 4.7 3.5 6.1 4.4 5.0 8.5 6.5
VIS 39.4 42.7 40.4 39.2 46.8 41.1 36.0 45.0 39.4
NIR 51.9 56.0 54.9 47.4 57.0 54.6 45.5 55.6 53.8
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consider reinvestigating energy ratio allocation scheme in LSMs. If possible, we need to modify the default
energy ratio values of VIS/GR and NIR/GR prescribed in LSMs.

4.2. Albedo Components

The diurnal cycles of ground surface albedo are shown in Figure 5 in three typical sunny days at the three
sites, including SR and GR. In the typical sunny days at the Gobi and desert sites (Figures 5a and 5b), the
diurnal cycles of surface albedos show a U type approximately. At the loess site, because it had been raining
before 4 August 2013, the ground surface layer was very wet. The surface layer soil moisture now becomes
the most important dominant factor affecting the bare soil surface albedo. As we all know, the bare soil
albedo will decrease (increase) with the increase (decrease) of soil moisture. So the diurnal cycles of SR and
GR albedos of sunny day diurnal cycles do not show a typical U type. The diurnal variations of surface albedos
showed increasing lines on 4 August 2013 at the loess site, as shown in Figure 5c. The diurnal-averaged
surface albedos were 0.258, 0.253, and 0.239 for GR, 0.109, 0.094, and 0.189 for UV, 0.234, 0.223, and 0.184 for
VIS, and 0.292, 0.289, and 0.293 for NIR at the Gobi, desert, and loess sites, respectively.

Figure 6 shows the variations of the surface daily averaged albedos. Statistically, the daily averaged albedos
for each site are summarized in Table 4. During the IOP, at the Gobi site, the daily averaged surface albedo
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Figure 5. Diurnal cycles of SR and GR albedos in typical sunny days during the IOP at (a) the Gobi site, (b) the desert site, and (c) the loess site.

Figure 6. Variations of the averaged albedos during the IOP at (a–d) the Gobi site, (e–h) the desert site, and (i–l) the loess site.
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wasin the range of 0.221–0.255 with an average value of 0.245 for GR (Figure 6d), in the range of 0.088–0.112
with an average value of 0.107 for UV (Figure 6a), in the range of 0.20–0.242 with an average value of 0.231 for
VIS (Figure 6b), and in the range of 0.252–0.277 with an average value of 0.266 for NIR (Figure 6c). At the
desert site, the daily averaged albedo was in the range of 0.175–0.249 with an average value of 0.228 for GR
(Figure 6h), in the range of 0.078–0.099 with an average value of 0.091 for UV (Figure 6e), in the range of
0.172–0.228 with an average value of 0.211 for VIS (Figure 6f), and in the range of 0.187–0.282 with an
average value of 0.252 for NIR (Figure 6g). At the loess site, daily averaged albedo was in the range of
0.136–0.273 with an average value of 0.197 for GR (Figure 6l), in the range of 0.021–0.144 with an average
value of 0.074 for UV (Figure 6i), in the range of 0.059–0.208 with an average value of 0.142 for VIS (Figure 6j),
and in the range of 0.186–0.340 with an average value of 0.255 for NIR (Figure 6k). As noted in section 3.2,
there were many rainy days at the loess site during the IOP, so the bare soil surface albedos showed a
different variation trend at loess site compared with at Gobi and desert site.

In summary, the daily averaged surface albedos are 0.231, 0.211, and 0.142 for VIS and 0.266, 0.252, and 0.255
for NIR at the Gobi, desert, and loess sites, respectively. These results indicate that the actual observational
value of the bare soil albedo for NIR is not twice that of the VIS as prescribed for bare soil underlying surfaces
in most LSMs [Sellers et al., 1986; Xue et al., 1991, 1996; Dickinson et al., 1993; Bonan, 1996; Dai et al., 2003;
Oleson et al., 2010, 2013].

4.3. Relationship Between Spectral and Global Albedo

As noted in equation (3), total upward short-wave solar radiation reflected by ground surface Sup can be
calculated from ground surface albedo αg and total downward short-wave radiation Sdown that reach the
ground surface, as shown in the following formula:

Sup ¼ αg�Sdown (5)

The total downward short-wave radiation Sdown can be divided into the following three spectral wavelength
components: UV, VIS, and NIR. Hence, GR can be expressed by a linear combination of spectral radiation, so
the equation (5) thus can be rewritten as

Sup ¼ αg�Sdown ¼ αUV�SUV þ αVIS�SVIS þ αNIR�SNIR (6)

where SUV, SVIS, and SNIR are UV, VIS, and NIR irradiance and αUV, αVIS, and αNIR are the ground surface albedo
for UV, VIS, and NIR, respectively.

Based on the energy ratios of SR/GR, equation (6) can be rewritten as

Sup ¼ αg�Sdown

¼ αUV�SUV þ αVIS�SVIS þ αNIR�SNIR

¼ αUV�fUV�Sdown þ αVIS�f VIS�Sdown þ αNIR�fNIR�Sdown

(7)

And then, we can have

αg�Sdown ¼ αUV�fUV�Sdown þ αVIS�f VIS�Sdown þ αNIR�fNIR�Sdown (8)

So αg can be expressed as

αg ¼ αUV�fUV þ αVIS�f VIS þ αNIR�fNIR (9)

where fUV, fVIS, and fNIR are the energy ratio of UV/GR, VIS/GR, and NIR/GR, respectively. According to
equation (9), we can obtain the relationship between SR and GR albedos. GR albedo is determined by the
energy ratios of SR/GR and SR albedos.

Table 4. Statistics on the Averaged Albedos at Each Site

Gobi Site Desert Site Loess Site

Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean

GR 0.221 0.255 0.245 0.175 0.249 0.228 0.136 0.273 0.197
UV 0.088 0.112 0.107 0.078 0.099 0.091 0.021 0.144 0.074
VIS 0.20 0.242 0.231 0.172 0.228 0.211 0.059 0.208 0.142
NIR 0.252 0.277 0.266 0.187 0.282 0.252 0.186 0.340 0.255
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5. Conclusions and Discussion

The objective of this work was to first investigate SR and GR variation features, the energy ratio of SR/GR
and corresponding albedo values at typical nonvegetated bare soil underlying surfaces in arid and
semiarid and semihumid regions in northwestern China. And then, the observational results are used to be
compared with the values prescribed in some LSMs. This comparison validation work can help us to deeply
understand, develop, and improve the bare soil albedo parameterization in LSM. Therefore, three field
experiments on surface spectral broadband radiation and corresponding albedo were conducted at
the three man-made sites over Gobi, desert, and bare loess zones during three different IOP from 2010 to
2013 in Gansu Province northwestern China, respectively. We have gathered the continuous and high
temporal resolution records of ground surface radiation, including GR, UV, VIS, and NIR irradiance, and
corresponding albedos over three typical nonvegetated underlying surfaces in arid and semiarid and
semihumid regions in northwestern China.

The variation trends of the SR (including UV, VIS, and NIR) were coincident with the GR variation at the three
sites. The irradiances were gradually decreasing throughout the IOP. The total SR and GR irradiance were
significantly affected by synoptic conditions. The identical, regular, and symmetrical distribution shapes is
shown in typical sunny days. However, the irregular trends and asymmetrical distribution shapes is shown in
cloudy and overcast days. The maximum irradiance values occur at local noon.

For the Gobi, desert, and bare loess land surfaces, the energy ratios of VIS/GR are approximately 40.2%, the
ones of NIR/GR are approximately 54.4%. NIR portion is approximately 10%–15% higher than the visible
portion. The ratios of VIS/GR and NIR/GR are not 50% as prescribed for all of the soil color classes in most
of LSMs.

The averaged surface albedos are 0.231, 0.211, and 0.142 for visible, are 0.266, 0.252, and 0.255 for the NIR
over the Gobi, desert, and bare loess land surfaces, respectively. The observational value of the bare soil
albedo for NIR is not twice that of the VIS as prescribed for bare soil underlying surfaces in most of LSMs.
According to the relationship between SR and GR albedos, we can find that GR albedo is determined by the
energy ratios of SR/GR and SR albedos.

The continuous and high-temporal-resolution measurements of SR and GR irradiances may be needed to use
for providing the detailed qualitative and quantitative descriptions of the energy ratios of SR/GR and
corresponding albedos for typical nonvegetated bare soil underlying surface in northwestern China. It is
necessary to investigate the key features of such as the energy ratios of VIS/GR and NIR/GR and soil albedos
for VIS and NIR to develop and perfect land surface models. The more field experiments should be planned
and carried out in the following years. The data sets collected from the field experiments can be used to
further improve and develop LSMs.
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