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Abstract Detecting the influences of land manage-
ment on seasonal dynamics and interannual variabilities
of grassland surface reflectance is of scientific and
practical importance as it can help to monitor grazing
effects on the grassland ecosystem. We conducted
spectral reflectance measurements at five differently
grazed sites in Inner Mongolia, China, during the
growing seasons of 2005 and 2006 using a portable,
highly resolving spectrometer. Through analyses of the
measured surface reflectance spectra and the derived
visible albedo and NDVI, we found that grazing
influences the reflectance spectrum shape and affects

the visible albedo and NDVI seasonal pattern; visible
albedo and NDVI of grazed sites are more sensitive to
precipitation than that of ungrazed sites. In addition, we
observed a well-defined linear relationship between
total shortwave and visible (PAR) albedo, with R=
0.83 and R=0.94 for 2005 and 2006, respectively,
and between NDVI and total shortwave albedo with
R=−0.92. Thus, NDVI spectrometer measurements
and total shortwave albedo pyranometer measure-
ments are interchangeable when addressing different
grazing intensities.
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Abbreviations
UG79 site not grazed since 1979
UG99 site not grazed since 1999
WG winter grazed site
CG continuously and moderately grazed site
HG heavily grazed site

Introduction

Surface spectral reflectance is a basic key parameter
for vegetated surfaces such as forest, grassland and
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agricultural land. From this value, the biophysical and
biochemical parameters of vegetation can be assessed,
including leaf chlorophyll and N contents (Yoder and
Pettigrew-Crosby 1995; Boegh et al. 2002; Huang et
al. 2004; Houborg and Boegh 2008), leaf area index
(LAI), fraction of absorbed photosynthetically active
radiation (fPAR) (Leblon et al. 1991; Knyazikhin et
al. 1998; Vaesen et al. 2001; Colombo et al. 2003)
and even net primary production (NPP) and evapo-
transpiration (Elvidge and Chen 1995; Higuchi et al.
2000; Pineiro et al. 2006).

In addition to estimating vegetation properties,
surface spectral reflectance is also used in the discrim-
ination of land management and degradation of
grassland. Price et al. (2002) and Guo et al. (2003)
reported discrimination of different grassland manage-
ment practices in the Kansas Prairie using the Landsat
Thematic Mapper (TM) data. Liu et al. (2004)
assessed the grassland degradation near Lake Qinhai
in west China using TM images and in situ measure-
ments; Kawamura et al. (2005) developed a method-
ology for quantifying the effects of grazing intensities
on plant biomass using the normalised difference
vegetation index (NDVI) obtained with a moderate
resolution imaging spectroradiometer (MODIS) in the
Xilingol steppe region, Inner Mongolia, China. Wang
(1998, 2001) also studied the influence of grazing
intensity on spectral reflectance in Inner Mongolia
through in situ measurements.

These studies were mainly focused on the assess-
ment of grassland status through spectral reflectance,
but few involved the detection of grassland dynamics
by land management using spectral reflectance. As
inappropriate human activities such as overgrazing
are one of the most important reasons for land
degradation and desertification of grassland (Li et al.
2000), detecting the influences of land management
on seasonal dynamics and interannual variabilities of
grassland surface reflectance is of scientific and
practical importance. In this paper, we conducted
spectral reflectance measurements at five differently
grazed grasslands in Inner Mongolia, China during
the 2005 and 2006 growing seasons by a portable,
highly resolving spectrometer, with the aim of
studying grazing effects on grassland surface reflec-
tance seasonal dynamics and interannual variabilities.
This work aids in the understanding of grazing
effects, particularly the effects of heavy grazing on
the grassland ecosystem.

Materials and methods

Study sites

The study area is in a typical steppe ecosystem south
of the Xilin river catchment, located in northeastern
Inner Mongolia, China (Fig. 1). It is adjacent to
the Inner Mongolia Grassland Ecosystem Research
Station (IMGERS, 43°38′N, 116°42′E) of the Chinese
Academy of Sciences. The average elevation is approxi-
mately 1,200 m, with a gentle slope of 2∼4°. The
climate belongs to a semi-arid monsoon climate in a
temperate zone. The mean annual precipitation is
approximately 350 mm, mainly occurring from June to
August. The mean annual temperature is 1.0°C. The
mean growing season lasts approximately 150 days
(Jiang 1985).

Five experimental sites with different sheep grazing
intensities and land treatment histories were selected
(Fig. 1, areas with 15-m grid, Archer 2004a). Two
areas have been fenced and have not been grazed
since 1979 and 1999, respectively. The other areas are
grazed sites; one is a winter grazed area, with grazing
from mid-October to mid-February, another area is
continuously and moderately grazed throughout the
year, with a grazing intensity of approximately 1.6
sheep per hectare, and the last area is heavily grazed,
with a grazing intensity of approximately 4 sheep per
hectare (Archer 2004b). All sites (named UG79,
UG99, WG, CG and HG, respectively; always men-
tioned in this order) have a main soil type of dark
chestnut, and vegetation types are categorised as
Leymus chinensis and Stipa grandis communities.

Ground measurements

Field campaigns of surface spectral reflectance mea-
surements were conducted at the five grasslands from
May to September 2005 and fromAugust to September
2006 with a portable spectrometer (getSpec-PDA-UV/
VIS, www.getspec.com) with a spectrum range of
380–1,100 nm, a resolution of 0.2 nm and a high
signal-to-noise ratio of 12000:1.

At each site, a representative measurement plot of
120×150 m was selected (Fig. 1). Reflectance spectra
were measured at 5–6 points around the centre of the
plot with a 30-m distance from the centre, according
to a geostatistically designed protocol (Archer 2004a).
A calibrated white reference (Spectralon, Labsphere)
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was also measured at each point. The optical fibre
platform and white reference platform were both
levelled before each measurement. Spectral reflec-
tance was derived as the ratio of reflected radiance by
grassland to incident radiance by the white reference
panel. The average reflectance of these 5–6 points
was used to represent the mean reflectance of each
site. All measurements were carried out under clear
sky conditions near midday.

Data analysis

Grazing effects on surface properties are first ana-
lysed with reflectance spectra, and then further
analysed with the derived visible albedo and NDVI
parameters from the spectra. Analyses are conducted
with supporting information of weekly vegetation
height and percent green cover (recorded by mea-
suring tape and estimated by visual judgment, respec-
tively), daily precipitation and air temperature and
soil moisture.

Like the method for validating Landsat reflectance
by ground spectral measurements (Liang et al.
2002a), spectral reflectances at the central wavelength
of Landsat TM bands were used to derive visible
albedo and NDVI:

avis ¼ 0:443a1 þ 0:317a2 þ 0:240a3 ð1Þ

where αi (i = 1, 2, and 3) represent surface spectral
reflectance of TM bands 1, 2, and 3 (450–510 nm,
520–600 nm and 630–690 nm, respectively. Liang
2000; Liang et al. 2002b);

NDVI ¼ r4 � r3ð Þ= r4 þ r3ð Þ ð2Þ
where r3 and r4 are the surface spectral reflectances of
TM bands 3 and 4 (750–900 nm).

Results

Reflectance spectra

Figures 2 and 3 illustrate the reflectance spectra at
each site in 2005 and 2006, respectively, and Table 1
presents the vegetation status during the entire
growing season at site UG79 in 2005. In total, there
were six measurement campaigns of reflectance
spectra in 2005, on May 24, June 3, July 6, August
2, August 17, and September 19 (the uneven
measurement frequency is due to weather conditions),
and seven measurement campaigns were conducted in
August and September 2006, on August 3, 9, 14, 16,
and 21, and September 2 and 17.

In 2005, the reflectance spectrum on May 24
showed the highest reflectivity among the six mea-
surements for all sites, because in late May, the grass

Fig. 1 Location of Xilin River catchment and the measurement sites (left panel from Archer 2004a)
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is still in the initial growth phase (Li et al. 1990), and
vegetation height and percent green cover (Pv) are
relatively low (Table 1). On June 3, the reflectance
spectrum declined remarkably at nearly all sites. From
Table 1, we know that grass grew higher and denser
in early June; thus, more radiation was absorbed by
the canopy vegetation, leading to declined surface
reflectance.

In July and August, all reflectance spectra declined
further, and the chlorophyll red edge (the transitional
slope from red to near-infrared light, Tucker 1979;
Jackson et al. 1983) increased in slope and height,
indicating more absorption of visible light but more
reflection of near-infrared light, meaning high NDVI

(see Eq. 2). Table 1 shows that in this stage, the
vegetation height and percent green cover both
gradually reached peak values. The clear chlorophyll
red edge is a signal of increasing chlorophyll content.
The shoulder peak appearing at the green band of the
reflectance spectrum is a further indicator, as chloro-
phyll absorbs radiation in blue and red bands but
reflects in the green band (Gates et al. 1965). From
Fig. 2 it also can be seen that the chlorophyll red edge
change was particularly pronounced at sites UG79
and UG99.

On September 19, the reflectance spectrum at each
site rose, the chlorophyll red edge became blurred,
and the peak reflection at the green band almost

Fig. 2 Seasonal variation of
the reflectance spectrum in
2005 at each site (UG79,
UG99, WG, CG and HG)
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disappeared. These changes were particularly notice-
able at sites CG and HG. According to the climate in
the study area, air temperature starts to decline in late
August, accelerating its decline in September (Li et al.
1990); thus, the vegetation withers rapidly, and the

percent green cover and chlorophyll content drops
dramatically.

In 2006, the reflectance spectra looked similar due
to the short time interval between each measurement,
and the differences in spectra between August and
September were small. Meteorological data (Fig. 4)
indicated minor differences in temperature between
the two years (aside from the snow period of
September 7 and 8, 2006), but there was higher
precipitation in 2006, especially in September (total
precipitation was 47.6 mm until September 22, which
is much higher than in 2005). This indicates that with
favourable growth conditions, vegetation in 2006 was

Fig. 3 Seasonal variation of
the reflectance spectrum in
2006 at each site (UG79,
UG99, WG, CG and HG)

Table 1 Vegetation height (H, cm) and percent green cover
(Pv, %) at UG79 in 2005

Date May 30 June 7 July 5 August 1 August 15 Sep. 19

H 15.4 16.1 19.9 24.5 27 ∼27.0
Pv 20 30 40 50 60 10
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growing well until late September. The ground survey
also shows that the percent green cover at site UG79
on September 16 was nearly 20% higher than the
corresponding time period in 2005 (September 19).

Visible albedo

Quantitative estimation of reflectivity in the visible
part of the spectrum is obtained by visible albedo
(Eq. 1). Figure 5 shows the visible albedo at the five
sites in 2005 and 2006.

The time series of visible albedo in 2005 shows a
“U” shape pattern at each site (Fig. 5a), which is
consistent with the spectrum change analyzed above;
the highest visible albedo appeared in May, was
lowest in August, and increased again in September.

From Fig. 5a, it can be seen that site UG79 had the
biggest variation of visible albedo, and site HG had
the smallest variation. In addition, HG had the highest
visible albedo among the five sites during the entire
growing period. It can be also observed from Fig. 5a
that the differences in visible albedo among the five
sites were relatively small at the beginning of the
growing season (May 24 to June 3), but gradually
became more distinct and were greatest in late August
(August 17).

The visible albedo in 2006 (Fig. 5b) showed more
fluctuation. As reported by Duchon and Hamm
(2006), the correlation between albedo and precipita-
tion is such that rainfall can lead to a decrease in
albedo and vice versa. The changes in albedo are a
consequence of darkening with wetting of the soil and
brightening with drying of the soil. On the other hand,
rainfall can probably help to remove the dust from
vegetation and can trigger (re)growth afterward,
therefore resulting in low albedo. From precipitation
data shown in Fig. 4, we know that there was only
1.3 mm of rainfall from August 3 to 18 in 2006.
Therefore, the visible albedo ascended roughly at
most of the sites during this time (measurement error
may exist in the CG site plot on August 16); therefore,
on August 16, the visible albedo at most of the sites
was higher than that for the corresponding time period
in 2005 (August 17; visible albedo differences between
two years for the five sites are 0.005, −0.001, 0.01,
0.005, and 0.009, respectively), as the rainfall during
this period in 2005 was 18.7 mm.

After the snow period on September 7 and 8, the
response of visible albedo to precipitation became
more evident: instead of being higher, the visible
albedo on September 17 at all sites was nearly the
same as on September 2. For this reason, the visible

Fig. 4 Daily air temperature
and precipitation during
the growing season in 2005
and 2006 (from May 15 to
September 22)
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albedo on September 17 for all sites was much lower
than that for the corresponding time period in 2005
(September 19, with relatively large differences of
0.006, 0.013, 0.020, 0.023, and 0.021, respectively).
From the interannual difference at each site, we can
see that the visible albedo at grazed sites is more
sensitive to precipitation. Again, in 2006, site HG
showed the highest visible albedo among the five
sites for all measurements.

Figure 6 and Table 2 provide the mean visible
albedo at each site in 2005 and 2006. Site UG79 had
the lowest value among the five sites. The values at
the other sites were 1.003, 1.072, 1.168, and 1.369
times the value of site UG79 in 2005, and 1.05, 1.17,
1.41, and 1.84 times in 2006, indicating that heavier
grazing intensity is correlated with higher visible
albedo and that the grazing effect is much clearer in
the data for 2006.

Because of the limited spectrum range of the
spectrometer, only the visible albedo was obtained
in this study. Nevertheless, the total shortwave albedo
measurements at site UG79 and the other sites
(rotated every 6 weeks, measured by Kipp and Zonen
CNR1 pyranometer installed at eddy covariance (EC)
tower) during the field campaign make it possible to
investigate the correlation between both kinds of
albedo.

As illustrated in Fig. 7, the total shortwave albedo
was much higher than the visible albedo due to high
reflectance in the near-infrared band, but both albedo
parameters showed similar variations during the
growing season and similar relationships between
sites. The linear correlation coefficient (R) of both
albedo parameters was 0.83 and 0.94 in 2005 and
2006, respectively.

NDVI

By employing Eq. 2, NDVI was obtained from the
measured reflectance spectra. NDVI is an indicator of
vegetation growth. High NDVI means well-developed
vegetation, high percent green cover, and high above-
ground biomass.

Figure 8 shows the NDVI at all sites in 2005 and
2006. It can be found that in 2005, UG79, UG99, and
WG have minimum NDVI measurements at the
beginning of the growing season and maximum
measurements in August. However, the peak NDVI
of site CG appeared in August, but appeared in July

Fig. 5 Seasonal variation of visible albedo in 2005 (a) and
2006 (b) at each site (UG79, UG99, WG, CG, and HG)

Fig. 6 Mean visible albedo (with standard deviation) in 2005
and 2006 at each site (UG79, UG99, WG, CG, and HG)
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for site HG; the lowest NDVI of these two sites were
observed not at the beginning but at the end of the
growing season, in contrast to that seen for the other
sites. In addition, similar to the visible albedo, HG has
the smallest NDVI variation among the five sites.

Using the NDVI values on June 3, July 6, August
2, August 17, and September 19, the monthly growth
situations are estimated.

From June to July, all sites except CG had good
growth. NDVI increases 38.7%, 71.4%, 14.8% and
20% at sites UG79, UG99, WG and HG, respectively.
From July to August, sites UG79, UG99, and WG

Fig. 8 Seasonal variation of NDVI in 2005 (a) and 2006 (b) at
each site (UG79, UG99, WG, CG, and HG)

Fig. 7 Comparison of visible albedo measured by spectrometer
and total shortwave albedo measured by pyranometer installed
at EC tower in 2005 (a) and 2006 (b) (here visible albedo is
only showing during the total shortwave albedo measurements)

Visible albedo NDVI

2005 2006 2005 2006

UG79 0.082±0.035 0.056±0.0044 0.395±0.117 0.496±0.053

UG99 0.083±0.031 0.058±0.0055 0.323±0.124 0.445±0.060

WG 0.088±0.025 0.065±0.0040 0.332±0.075 0.416±0.049

CG 0.096±0.024 0.078±0.0059 0.311±0.072 0.316±0.055

HG 0.113±0.018 0.103±0.0080 0.293±0.050 0.332±0.047

Table 2 Mean visible albedo
and NDVI (with standard
deviation) in 2005 and 2006
at five measurement sites
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kept growing (16.3%, 36.1%, and 41.9%, respectively),
but at sites CG and HG, NDVI decreased (−0.06% and
−16.7%, respectively; as the grass growth from June to
July was rather poor at CG site, the NDVI decrease
from July to August was not large and hence the
difference is very small). From late August on, NDVI
decreased. The decrease of NDVI from August 17 to
September 19 was above 20% at all five sites and even
higher at sites CG and HG (21.2%, 34.8%, 34.1%,
50.0% and 37.5%, respectively).

In 2006, peak NDVI appeared at the beginning of
August (August 3) at all sites and was higher than that
for the corresponding time period in 2005 (August 2,
differences are 0.08, 0.04, 0.07, 0.10, and 0.10,
respectively). The reason could be due to the
relatively high precipitation from May to July 2006
(136.2 mm, 50.9 mm higher than 2005). Based on the
differences at each site, it can be seen that the NDVI
at the grazed sites is more sensitive to precipitation
than at the ungrazed sites.

In addition to the peak value, there was a secondary
peak NDVI found at all sites. For sites UG79, UG99
and WG, this peak occurred around August 21 to
September 2. The reason could be due to the rainfall
from August 19 to 20 (9.8 mm) and August 30 to
September 1 (10.9 mm). The secondary peak NDVI at
site CG appeared on August 16, in contrast to the
other sites, considering the rainfall influences. This
difference might be caused by measurement errors,
due to the site’s heavily grazed status and heteroge-
neous characteristics in 2006. The NDVI at site HG
did not increase on August 21 after the short period
of rainfall, as seen at sites UG79, UG99, and WG,
but after the rainfall around September 1, which is
possibly due to the much lower rainfall, the dry soil
and the poor status of the vegetation (low percent
green cover) in August.

After the heavy snowfall around September 7, the
NDVI at the five sites was higher than that for the
corresponding time period in 2005 (September 19,
difference is 0.04, 0.10, 0.13, 0.05, and 0.15,
respectively). Site HG showed an increase in NDVI,
even after the snowfall. Measurements showed that
soil moisture at site HG after the snowfall was higher
than at site UG79; this relationship being opposite
during the entire growing season. The reason could be
that the simple vegetation structure and the degrada-
tion at site HG aided in rapid snow melting and
infiltration into the soil, rather than being trapped and

sublimating (as interception loss), as was the case at
site UG79.

Figure 9 and Table 2 show the average NDVI at
the five sites in 2005 and 2006. The differences
between the sites are distinct, and a trend is obvious:
heavier grazing is associated with lower NDVI. Site
UG79 had the highest mean NDVI among the five
sites. The values at the other sites were 0.82, 0.84,
0.78, and 0.74 times the value of site UG79 in 2005,
and 0.90, 0.84, 0.64, and 0.67 times the value of site
UG79 in 2006. The slightly lower value at site UG99
in 2005 is due to the large percentage of standing
dead vegetation, and the lower value at site CG in
2006 is due to heterogeneous characteristics. The
mean NDVIs at the five sites were higher in 2006
than in 2005 and had smaller SD due to the short
measurement period.

We used the derived NDVI in this study to inves-
tigate the NDVI and LAI relationship in the area (Fan et
al 2009) and obtained sufficiently well-defined linear
and exponential relationships, respectively. Here, we
also analyse the relationship between NDVI and the
total shortwave albedo measured by the pyranometer
installed at EC tower (Fig. 7) and obtain a linear
relationship between the two parameters:

Albedo ¼ 0:252� 0:158NDVI R ¼ �0:82; N ¼ 24ð Þ
ð3Þ

If two outliers are removed at sites CG and HG
(caused by heterogeneity at the two grazed sites and

Fig. 9 Mean NDVI (with standard deviation) in 2005 and 2006
at each site (UG79, UG99, WG, CG, and HG)
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poor weather conditions in 2005, respectively) the
correlation changes to:

Albedo ¼ 0:261� 0:175NDVI R ¼ �0:92; N ¼ 22ð Þ
ð4Þ

Thus, approximately 85% (R2=0.85) of the vari-
ability in total shortwave albedo is explained by
NDVI and vice versa. Therefore, NDVI spectrometer
measurements and total shortwave albedo pyranometer
measurements are interchangeable when addressing
different grazing intensities.

Discussion and conclusions

In this paper, we conducted spectral reflectance mea-
surement campaigns at five different grazing intensity
grasslands in Inner Mongolia, China, in 2005 and
2006 to study the grazing effects on spectral reflec-
tance seasonal dynamics and interannual variations.
The major findings are summarised below.

Grazing effects on seasonal dynamics
of spectral reflectance

(1) Grazing effects influences the shape of the
reflectance spectrum. With no grazing occurring
for a long time, as occurred in sites UG79 and
UG99, the chlorophyll red edge change and peak
shoulder in the green band were pronounced
during the mature period. However, when dis-
turbed by grazing, as occurred in sites CG and
HG, these spectrum phenomena were blurred and
disappeared rapidly in September. As the chloro-
phyll red edge and peak shoulder in the green
band are linked to chlorophyll content in the
vegetation, grazing affects the vegetation and then
influences the spectrum change.

(2) Site UG79 had the biggest visible albedo variation
during the growing season; by contrast, HG had
the smallest change but always had the highest
value during the entire season. This indicates that
disturbing a site with grazing, particularly heavy
grazing, results in poor vegetation growth and a
low percentage of green cover; as a result, the
surface reflectance includes much more soil
information. In addition, after long-term heavy
grazing (30 years, Archer 2004b), the vegetation

at site HG has degraded to a certain extent, the
composition of vegetation types has changed,
and soil contents and structure have also changed.
These features may also lead to high visible
albedo.

(3) The visible albedo of the five differently grazed
sites showed small differences at the beginning
of the growing period but presented large dif-
ferences in late August. This result clearly shows
the grazing effects on the seasonal dynamics of
spectral reflectance.

(4) Grazing effects change the seasonal pattern of
NDVI.

From July to August, the NDVI at the CG and
HG sites decreased earlier than at the other
ungrazed sites, and site HG even had the early
NDVI peak in July rather than in August, in
contrast to the other sites. From late August until
late September, the decrease in NDVI at sites
CG and HG was higher than at the other sites;
therefore, these two sites had minimum NDVI
values at the end of the season, but the other
ungrazed sites had minimum values at the
beginning of the growing season.

The reason for NDVI appearing earlier at site
HG could be that overgrazing hinders vegetation
growth over a threshold level. Additionally, as
discussed above, the composition of vegetation
types has changed. The growing pattern may
also affect the peak time of biomass.

(5) By disturbing a site with heavy grazing, the
NDVI at site HG also shows minor variations,
such as the visible albedo during the entire
growing period.

Grazing effects on interannual variation
of spectral reflectance

We determined spectral reflectance in 2005 and 2006.
From meteorological data, we know that these 2 years
had minor differences in temperature but large dif-
ferences in precipitation, especially in September. By
comparing the corresponding time values in these two
years, we identified some aspects of grazing effects
on surface spectral reflectance interannual variations
with regard to precipitation.

(1) Visible albedo and NDVI analyses both showed
that grazed sites (CG and HC) are more sensitive
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to precipitation. After the heavy snowfall in
September 2006, the visible albedo at sites CG
and HG were much lower than that for the
corresponding time period in 2005, and their
NDVI values were much higher than that for the
corresponding time period in 2005.

(2) Site HG showed unique phenomena with regard
to precipitation. First, this site did not show the
secondary peak NDVI value like the other sites
after a short period of rainfall in August 2006.
Second, HG showed an increase in NDVI, even
after the snowfall. These unique reactions to
snowfall further suggest degradation at site HG
by heavy grazing treatment.

From this study, we also know that visible albedo,
measured by the spectrophotometer, and total short-
wave albedo, measured by the pyranometer installed
at EC tower, are well correlated (R2 of 0.69 and 0.88
in 2005 and 2006, respectively). In addition, we
obtained a well-defined linear relationship between
NDVI and total shortwave albedo (Eq. 4). Therefore,
NDVI spectrometer measurements and total shortwave
albedo pyranometer measurements are interchangeable
when addressing different grazing intensities.
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