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ABSTRACT

The retrieved results in this paper by GMS-5/VISSR thermal infrared data with single time/dual channel
Split-Window Algorithm reveal the characteristics of diurnal and seasonal variation of clear-sky land surface
temperature (LST) of several representative land surface types in China, including Tarim Basin, Qinghai-
Tibetan Plateau, Hunshandake Sands, North China Plain, and South China. The seasonal variation of
clear-sky LST in above areas varies distinctly for the different surface albedo, soil water content, and the
extent of influence by solar radiation. The monthly average diurnal ranges of LST have two peaks and two
valleys in one year. The characteristics of LST in most land of East Asia and that of sea surface temperature
(SST) in the south of Taiwan Strait and the Yellow Sea are also analyzed as comparison. Tarim Basin and
Hunshandake Sands have not only considerable LST diurnal cycle but also remarkable seasonal variation.
In 2000, the maximum monthly average diurnal ranges of LST in both areas are over 30 K, and the annual
range in Hunshadake Sands reaches 58.50 K. Seasonal variation of LST in the Qinghai-Tibetan Plateau is
less than those in East Asia, Tarim Basin, and Hunshandake Sands. However, the maximum diurnal range
exists in this area. The yearly average diurnal range is 28.05 K in the Qinghai-Tibetan Plateau in 2000. The
characteristics of diurnal, seasonal, and annual variation from 1998 to 2000 are also shown in this research.
All the results will be valuable to the research of climate change, radiation balance, and estimation for the
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change of land surface types.
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1. Introduction

Regional LST (land surface temperature) is an
important climate factor. LST not only indicates the
influence of solar radiation and the atmosphere on land
surface but also represent the heat properties of land
surface, relating to the land surface type, moisture,
and hydrologic-thermal equilibrium. The characteris-
tics of regional LST and its diurnal variation through
remote sensing are crucial for climate simulation and
validation.

The development of land surface model requires
a higher temporal-spatial resolution and accuracy of
LST. LST as well as the difference between LST and
the surface air temperature has great impact on the
exchange of energy flux, water vapor flux on the land-
atmosphere interface. Coupled land-atmosphere cli-
mate model (SVAT: soil/vegetable/atmosphere trans-

fer) usually takes the surface air temperature as the
temperature of the land surface, which has a big limi-
tation in the field. However, to retrieve LST by split-
window algorithm with a high feasibility of RMSE
(Root Mean Square Error) of 2-4 K (Price, 1984;
Becker and Li, 1990, 1995; Prata and Platt, 1991;
Ulivieri and Castromuovo, 1994; Prata and Cechet,
1999) can improve it. Round-the-clock LST dataset is
necessary for model evaluation. Furthermore, it can
be used to study the energy equilibrium of the land-
atmosphere system by considering the relationship be-
tween LST and the sensible/latent heat flux.

In the work of Jin (1997), the global LST dur-
ing 1981-1998 is retrieved with NOAA/AVHRR data,
and night LST is computed by the coupled model of
NCAR CCM3 (Climate Community Model) & BATS
(Biosphere Atmosphere Transfer Scheme), with con-

sideration of the air temperature variation at night as
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reference. The advantage of geostationary meteoro-
logical satellite is to monitor real-time and continu-
ous variation of the earth-atmosphere system in the
same large area, which offsets the disadvantage of po-
lar satellites in the aspects of remote sensing on di-
urnal variation of parameters in the earth-atmosphere
system. The rules of diurnal, seasonal, and annual
variation of regional LST reflect different extent of in-
fluences on various land surface types by solar radi-
ation, land surface albedo, soil thermal inertia, heat
exchange with air, and other integrated factors. The
characteristics of spatial distribution, diurnal range,
and long-term variation of LST in a large area play a
significant role in land monitoring, as well as climate
and environment analysis.

For a long period, the regional GIS (Geographic
Information System) database usually comprises at-
mospheric temperature data information, such as
yearly and monthly average air temperature, annual
and diurnal range of air temperature with high ac-
curacy, which is easier to measure and is influenced
less by other factors during the measurement. An al-
gorithm with adequate accuracy and longer time se-
ries to acquire LST can complement the GIS database
with the 10-day, monthly, yearly average LST values
and their variations. There are few studies now on the
LST retrieval in China, except Yan et al. (2001), Oku
and Ishikawa (2004), and so on, especially the applica-
tion of LST. More efforts are in demand in this field.

By a single time/dual channel split-window algo-
rithm which is validated to retrieve LST, the char-
acteristics of diurnal, seasonal, and annual variations
of LST of several representative land surface types in
East Asia during 1998-2000 (mainly in 2000), the re-
lationship between them and the key influential fac-
tors are studied in this paper. The difference of LST
between Hunshandake Sands and Xilinguole typical

grassland is also analyzed.
2. Theory and method

2.1 Radiative transfer equation

On the condition of local thermodynamic equilib-
rium in clear sky, assuming that the earth’s surface
is a Lambertian emitter and that the atmosphere is
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non-scattering, then radiation measured by a thermal
infrared sensor (10-14 pm) aboard satellite in channel
1 is:

Li(Tbia 9) = ele(H)Bl(Tb) + LZ(H) T

where Tj,; is brightness temperature measured in chan-
nel 4, ¢; is surface emissivity in this channel, 7; (0) is
atmospheric transmittance at zenith angle 6 from the
ground to the top of the atmosphere, B;(Ts) is black-
body spectral radiance of the ground in channel ¢ with
land surface temperature Ty, and L;(6) T is upward ra-
diation emitted by the atmosphere. The third term on
the right of Eq.(1) represents that the downward ra-
diation L;(6) | emitted by the atmosphere is reflected
by the ground (1—¢;) toward satellite with attenuation
of the atmosphere.

If surface emissivity is known in clear sky, L;(0) T,
L;(0) |, and 7;(6) can be computed by atmospheric
RTE (Radiative Transfer Equation) with real-time
sounding profile, after the spectral response correction,
the final solution can be derived. Single time/dual
channels split-window algorithm makes use of the in-
frared information of the adjacent atmospheric win-
dow channels. In order to get the reasonable solutions
of Eq.(1) in both 10.5-11.5 ym and 11.5-12.5 pym of
GMS-5/VISSR (Visible and Infrared Spin Scan Ra-
diometer), a cost function J is necessary, as shown in
Eq.(2), e; and ez are the difference between the left
and right terms of Eq.(1) when i=1, 2, respectively.
Tteration begins from the initial guess of brightness
temperature in channel 10.5-11.5 pm, till it reaches
the least cost function J. Normalization uses the av-
erage upward radiance of the atmosphere in two chan-
nels. Through numerical computation and compara-
tive analysis, it shows that J <0.025 is the best con-
vergence criterion with most reasonable of the coeffi-
cients’ matrix of known parameters to get the unique

solution.

VI o

(L1(To1,0) + La(The,0))/2°
2.2 Solution of the RTE

J =

In cloudy FOV (Field of View), satellite sensor

measures radiation emitted by clouds. But in clear
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sky, the measured brightness temperature is from the
radiation emitted by the ground. Therefore, cloud de-
tection must be done before LST retrieval. Brightness
temperatures of cloud and land surface vary differ-
ently. Temporal/spatial variation of cloud is higher
than that of land surface. Considering of this, the
identification of clear sky pixel is the first step to re-
trieve LST. In this research, spatial-temporal thresh-
old criterion (Mao et al., 1999) is used for clear sky
detection.

To derive the surface emissivity e with
NOAA/AVHRR derived NDVI data with daily 8-km
resolution, an “NDVI-£” method used by Sobrino and
Raissouni (2000) to analyze the relationship between
the surface emissivity and NDVI is employed to define
surface emissivity in this research. On the basis of
MVC (maximum value composite), maximum NDVI
of each pixel per 10 days is taken to eliminate the
influences from cloud, atmosphere, and measuring an-
gle. This method resolves a problem of missing data
for no satellite measuring over some area in some days.

Within the GMS-5 satellite FOV (7°-66°N, 50°-
180°E), observations were made twice per day at 00:00
and 12:00 GMT in the onshore sounding stations.
GMS-5 geostationary satellite data have a spatial res-
olution of 12 km and a temporal resolution of 1 h.
The parameters such as atmospheric transmittance,
upward /downward radiation of the atmosphere in the
RTE are computed from MODTRAN3.5 (Moderate
Resolution and Radiative Transfer Model). When vis-
ibility data are available in some stations, the default
visibility is replaced by the real-time one.

Generally, when the precipitable water in the at-
mosphere is less than 2.5 g cm™2 and the average
atmospheric temperature is lower than 290 K, bet-
ter LST retrieval results can be derived (Faysash and
Smith, 1999). Therefore, it is defined to retrieve LST
in this research: (1) clear sky, (2) the precipitable wa-
ter in the atmosphere is less than 4.0 g cm~2 (derived
from sounding profiles), and (3) relative humidity on
the ground is less than 90%.
easy to get suitable solutions of RTE, or the value

Otherwise, it is not

of atmospheric correction is unreasonably high than
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usual.
3. Validation

Satellite retrieved LST is composed of the aver-
age radiant brightness temperatures in satellite FOV
of each pixel. One way to validate the retrieved LST is
to compare the retrieval result with the observed tem-
perature measured on the ground, such as observed
0-cm temperature on the ground or contact tempera-
ture transducer (CTT). The other way is to compare
with the results from instruments in some field exper-
iments (usually observing with radiative instruments
during enhanced observation period), e.g., pyrgeome-
ter, IR thermometer, etc. The latter, observation from
some radiative instruments is hard to acquire. Thus
observed 0-cm temperature on the ground at some
meteorological stations are used for validation in this
paper. Terra/MODIS LST product are also used for

comparison as an indirect validation.

3.1 Comparison with observed 0-cm tempera-
ture on the ground at Station No. 54511

Result of comparison the retrieved LST with ob-
served 0-cm temperature on the ground at Station No.
54511 (Beijing) with 151 samples in 2000 shows that
the average error is 0.36 K, absolute error is 2.37 K,
RMS (root mean square) error/bias (standard devia-
tion) is 2.95 £1.86 K, and the correlation coefficient
reaches 0.947. The comparative analysis of the al-
gorithm in this research with some improved split-
window algorithms (Price, 1984; Becker and Li, 1990,
1995; Prata and Platt, 1991; Ulivieri et al., 1994; Prata
and Cechet, 1999) shows that physical method in this
research is better than others (Wang and Lu, 2005b).

3.2 Comparison with observed 0-cm temperat-
ure on the ground at 43 national referen-

ce climatological stations in China

The comparison with observed 0-cm tempera-
ture on the ground at 43 national reference clima-
tological stations in China in 2000 includes 4720
samples in 2000. It shows that the average error
is 0.18 K, absolute error is 3.50 K, and RMSE/bias is
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4.31£4.30 K. Table 1 presents the time distribution
of the errors between retrieved LST and observation,
sample amount in each month, monthly average errors,
and monthly absolute errors included. In the summer,
samples are fewer with higher error. There are 32 sta-
tions (74.4% of total 43 stations) of which yearly aver-

age errors are within 2 K and maximum error of 3.49
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K, 35 stations (81.4% of total 43 stations) of which
yearly absolute error are within 4 K and maximum
absolute error of 5.38 K. Absolute error in southwest-
ern China is smaller, which may be related with the
limitation of the atmospheric precipitable water less

than 4 g cm—2.

Table 1. Monthly average LST error (K) comparing retrieved results with observation in 43 stations in 2000

Month 1 2 3 4 5 6 7 8 9 10 11 12

Sample 795 692 597 360 199 104 56 62 168 285 571 831
€ 0.48 -0.1 -1.1 -1.5 -0.9 -0.7 -3.8 -2.8 -0.5 0.38 1.66 1.69
[e| 2.83 3.26 3.87 4.33 5.24 5.57 6.07 4.74 4.36 3.31 3.11 2.95

3.3 Comparison with MODIS LST products

Terra/LST product with a temporal resolution
of 5 min and spatial resolution of 1 km is from
MODIS (MODerate resolution Imaging Spectrometer)
day/night LST algorithm. LST products during the
passing period of the polar satellite Terra (12:20-13:25
GMT) are compared with retrieved results at 12:00
with the algorithm in this paper. The samples exist
only in the three provinces onshore northeast of China,
Korea and Japan. From February to December in
2000, 129 pairs of LST results are available (pixels for
comparison are within 15 km, excluding the samples
with GMS-5/VISSR IR channel raw brightness tem-
perature higher than MOD11_L2 V004 LST product
in that retrieval value would be higher than the raw

brightness temperature). Figure 1 shows that these
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Fig.1. LST error (unit: K) scatter diagram comparing

retrieval results with MOD11_L2 products in 2000 (unit:

two match perfectly, the correlation reaches 0.9811,
and average absolute error is 2.84 K. Single time/dual
channel split-window algorithm can meet the demands
to study the characteristics of LST at a certain hour
or medium/long term, LST variation, the interaction
with other factors as well.

4. Characteristics of LST variation

The diurnal variation of LST is a result of a di-
urnal variation of heating from solar radiation on the
earth-atmosphere system as well as the physical prop-
erties of the land surface itself. The variation of LST
is closely related to the short-wave reflectivity, long-
wave emissivity, thermal inertia of the soil-vegetation
system and heat exchange on the interface between
the earth and the atmosphere, and greatly influenced

by land surface type, soil moisture, and wind field.
4.1 Selection of land surface types

Several representative land surface types are an-
alyzed in this paper to show the characteristics of
diurnal variation of LST in China (Fig.2), i.e., the
Tarim Basin (37.5°-40°N, 77°-85°E), the Qinghai-
Tibetan Plateau (30.3°-36°N, 80°-95°E), the Hun-
shandake Sands (42.1°-43.5°N, 113°-116.31°E) and
North China Plain (35°-40°N, 115°-122.5°E), South
China (24°-25.45°N, 113.8°-115.6°E), part of land
in East Asia (20.3°-54.2°N, 75.5°-130.3°E) exclud-
ing the sea. The SST in the south of Taiwan
Strait (20.12°-21.56°N, 118.42°-120.3°E) and Yellow
Sea (32°-34.2°N, 121.58°-126°E) are compared as well.
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Fig.2. Distribution of focused representative surface types
(sea excluded) and 143 sounding stations in East Asia. The

contour lines are satellite zenith angle of GMS-5.

Southern Jiangxi Province and northern Guangdong
Province with flat altitude of 250-500 m are selected
from South China.

Yellow Sea area is adjacent to the coast. The
sea in the south of Taiwan Strait is some distance
away from the land. SST is calculated with reference
to McClain method (McClain et al., 1985), and the
brightness temperature of the corresponding channels
is replaced by those of two GMS-5/VISSR IR chan-
nels. Equation (3) is used for the sea in the south of
Taiwan Strait at 6:00-18:00 BT (Beijing Time) in day-
time and Yellow Sea at 5:00-17:00 BT, from January
to April and November to December. Equation (4) is
used at night. In other months, add and subtract one

hour to calculate LST in daytime.

Tsst = 1.035T10.8 + 3.046(T10,8 — Tll_g)

—10.78(day), (3)
TSST = 1.076T10.8 + 3.168(T10,8 — Tll.g)
—23.08(night). (4)

4.2 Diurnal and seasonal variations of LST
land
types in “pure” clear days in 2000

in several representative surface

In the study of diurnal and seasonal variation
of LST, in order to avoid the uncertainty of cloud-
radiation forcing in the earth-atmosphere system, only
“pure” clear pixels are effective, which are determined

as clear by using temporal-spatial criterion in all 24
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h a day. Only these pixels have not been covered by
cloud, thus they are useful to study the influence only
by the factors like solar radiation, surface albedo, soil
thermal inertia, and heat exchange.

Raw brightness temperature in 24 h is derived
from average brightness temperature in clear regions,
added by average atmospheric temperature correction
(the difference between retrieved LST in the sounding
stations and raw brightness temperature) in 00:00 and
12:00 GMT, then the temperature correction in other
22 h except 00 and 12 are derived by interpolation
of the atmospheric temperature correction. It is well
known that lower clouds reflect the solar short-wave
radiation upward to decrease the radiation reaching
ground, while higher clouds reflect the surface long-
wave radiation downward to increase the radiation
reaching the ground. Therefore, selection of “pure”
clear pixels makes the study of diurnal cycle of LST
out of interference of complicated cloud feedbacks.

Figure 3a shows the diurnal cycle of yearly av-
erage LST (24 h) in most land in East Asia in 2000.
The LST variation gradient in daytime is larger than
at night due to the impact of solar radiation (verti-
cal distance between two circles in Fig.3a). The tem-
perature increases sharply at 00:00 GMT (hereinafter)
and reaches the peak at 05:00 when the temperature
variation gradient is not large. Afterward, the tem-
The decline scale of LST
after 12:00 becomes less, and the LST variation gradi-

perature declines rapidly.

ent is slight during the night and reaches a minimum
in 21:00. Figure 3b describes the diurnal variations
of LST in different months. The middle line refers to
monthly average LST, which clearly reflects the char-
acteristic of seasonal variation of LST in the land of
East Asia at middle latitudes: warm in summer while
cold in winter.

Figure 4 shows the diurnal and seasonal varia-
tion of monthly average LST/SST in the Tarim Basin,
Qinghai-Tibetan Plateau, Hunshandake Sands, North
China Plain, South China, most land in East Asia, sea
in the south of Taiwan Strait, and Yellow Sea in 2000.
The amplitude of each curve reveals the degree of the
diurnal variation of LST/SST in the month. Twelve

curves show the seasonal variation, of which the
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scattering degree indicates the diurnal and seasonal
variation. Larger diurnal ranges in the Tarim Basin
and Qinghai-Tibetan Plateau (both the surface types
are mainly comprised of gravels or frozen soils) are be-
cause of less thermal capacity caused by lower water
content in the soil, higher land surface albedo, there-
fore the land surface types are more sensitive to the
solar radiation than others. In land surface types cov-
ered by dense vegetation throughout the entire year
such as South China with abundant precipitation, high
relative humidity on the ground, strong water absorb-
ing ability /slow evaporation ability of the soil (agricul-

tural farm and upland soil), the diurnal cycle of LST
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SST is very slight, no more than 5 K at most.

In Fig.5, the amplitude of each curve shows the
seasonal variation of LST/SST. Among several focused
representative surface types, the seasonal variation of
LST in Hunshandake Sands is the strongest with the
largest amplitude, as also found in Fig.4 that the 12
curves are widely scattered. Seasonal variation of LST
in the Qinghai-Tibetan Plateau is weaker with less am-
plitude, as shown in Fig.4 that the 12 curves are dense.
The seasonal variation of LST in South China is weak.
The seasonal variation of SST in Yellow Sea is a lit-
tle stronger than that of the southern sea of Taiwan

Strait, which obviously reveals the influence of the lat-

is not obvious. The diurnal cycle of monthly average itude.
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4.3 Diurnal and annual range of LST in the
representative land surface types in “pure”

clear days in 2000

Monthly average diurnal range of LST is defined
as the LST difference between the maximum monthly
average LST in a certain hour (usually at noon) in 24
h and the minimum monthly average LST in another
hour (usually in the morning). Annual range of LST is
defined as the LST difference between the maximum
monthly average LST in a month of year and the min-
imum monthly average LST in another month.

The characteristics of seasonal variation of diurnal
range of LST in the Tarim Basin, Hunshandake Sands,
North China Plain, and most land in East Asia are
shown in Fig.6. They have something in common: all

show two peaks and two valleys. The maximum diur-
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nal range of LST is in the spring (March-May) and the
sub-valley is in September-October. Two valleys are
in the summer (July-August) and December-January.
These results are concerned with the long daytime,
temporal distribution of precipitation and evaporation
capacity of the soil surface in spring and summer in
East Asia, which is located in the mid-latitude area
of the Northern Hemisphere. In fact, diurnal range
of LST depends on the sunlight intensity, short-wave
albedo/long-wave emissivity, the inertia of land sur-
face, and atmospheric water vapor content as well.
Aerosol in the atmosphere plays a slight role. Figure
2 shows the maximum and minimum diurnal/annual
ranges of LST/SST in the representative land/sea sur-
face types and occurrence months in 2000. In the
Qinghai-Tibetan Plateau and South China, the sea-

sonal variation of diurnal range of LST is not obvious.
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Fig.6. Seasonal variation of monthly average LST/SST (K) range in “pure” clear days in focused representative surface

types in 2000.
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When the amount of “pure” clear days and “pure”
clear pixels are far more less in a period in some areas,
the retrieved LST may have much larger bias from the
real value, for less retrieved LST in real “pure” clear
days. In Fig.6, the diurnal range of LST in Tarim
Basin in May is unreasonably high due to possible in-
fluence of clouds. In May, there are only three “pure”
clear days on May 1, 17, and 18, and only 4, 84, and
63 “pure” clear pixels respectively in the all 1876 pix-
els of the area. Hunshandake Sands has only 1 “pure”
clear pixel in the all 348 pixels in the area on May
15, only 1 “pure” clear day in the month of May. In
these circumstances, the retrieved LST does not rep-
resent average diurnal range of LST in a month. As a
result, average diurnal/annual ranges of LST derived
from the retrieved LST in the areas only have refer-
ence meaning.

The maximum diurnal range of LST (35.77 K)
is in March in the Tarim Basin (with Taklimakan

Desert), which is a result from the difference between
300.84 K at 07:00 GMT (hereinafter) and 265.07 K at
00:00. Jin (1997) indicates that diurnal range of LST
in tropical and subtropical desert areas is the highest
(Sahara Sands, July 1988). Although only the charac-
teristics of diurnal range of LST worldwide in January
and July are studied in Jin’s paper, the result of spa-
tial distribution of maximum diurnal range of LST is
consistent with the result in this paper. LST at noon
in summer is extremely high, e.g., monthly average
LST at 06:00 in Tarim Basin in June and August are
314.44 and 313.41 K, respectively. Nevertheless, they
are as low as 291.22 K at 22:00 in June and 291.89
K at 23:00 in August. Therefore, the maximum diur-
nal range of LST in these areas occurs in spring when
solar radiation becomes stronger gradually and heat
storage of land surface grows step by step, instead of
in summer.

Despite larger diurnal ranges of LST in the Tarim

Table 2. Statistics data on LST/SST (K) in “pure” clear days in focused representative surface types in 2000

Max. diurnal Month Min. diurnal Month Average diurnal Annual range Month Month

range range range

Tarim Basin 35.77 3 18.87 7 26.45 32.85 8 1
Qinghai-Tibetan Plateau 31.99 2 24.07 11 28.05 30.71 7 2
Hunshandake Sands 30.53 6 12.74 12 21.77 58.50 7 1
North China Plain 18.89 3 5.33 8 13.59 37.25 7 1
South China 15.32 4 6.17 10 9.80 23.47 7 2
Most land in East Asia 18.18 3 11.77 11 14.79 29.93 7 2
Sea in the south of Taiwan Strait 4.68 12 1.43 6 2.47 7.30 6 12
Yellow Sea 4.60 1 1.17 8 2.1 20.34 8 2

Basin and North China Plain in March, average di-
urnal ranges of LST in these two areas are still lower
than that in the Qinghai-Tibetan Plateau. The diur-
nal range of LST in the Qinghai-Tibetan Plateau is
larger because of higher altitude and more short-wave
solar radiation. In addition, due to less water vapor
in the rarefied air, more infrared radiation from the
ground toward the space, sparse vegetation and less
precipitation, the widespread naked sand and stones
absorbing and releasing heat rapidly, the diurnal range
of LST is the largest among the several focused land
surface types, especially in spring (Fig.4).

The surface layer comprises gravels mainly in
Hunshandake Sands, where continental monsoon cli-

mate with medium drought style prevails. The annual

precipitation is only 250-450 mm, much lower than
evaporation capacity 1500-2000 mm, with the repre-
sentative characteristic of coldness in winter and hot-
ness in summer. Less water content in the soil results
in higher land surface albedo. In case of rainfall, the
water will infiltrate into the gravel layer rapidly, and
the water in the surface layer will evaporate soon. The
annual range of LST in this area is 57.50 K, much
higher than those in other areas studied in this pa-
per. The annual range in North China Plain ranks
secondly, and that in the Tarim Basin is the third. An-
nual range of LST in most land in East Asia is 29.93 K.
Monthly average LST in the Qinghai-Tibetan Plateau
is the lowest in February, which is only 0.16 K lower

than that in January. The characteristic of the highest
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LST in July and lowest LST in January is consistent
with the rule of highest air temperature in July and
lowest air temperature in January in the inland areas
of Northern Hemisphere.

LST and air temperature (average atmospheric
temperature measured by dry-bulb thermometer in
thermometer screen at a height of 1.5 m, a physical
parameter to indicate the coldness and hotness of the
air of the environment) are under the control of differ-
ent physical factors, so they have different values and
variations, diurnal ranges, seasonal ranges, and annual
ranges, on which many experts made a lot of researches
like Sun and Pinker (2003). Daily and annual average
LST is higher than daily /annual air temperature, and
diurnal range of LST is larger than that of air temper-

ature, for the heat capacity of the atmosphere is much
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smaller than that of land surface. Here the compari-
son results are given to show the difference of LST and
air temperature in China in 2000, with LST in differ-
ent areas and the air temperature observed eight times
per day in the stations around those areas (within 0.25
or 0.5 longitude and altitude scope), shown in Table
3. Due to the extremely asymmetric distribution of
stations and less data from sparsely populated area
such as the Qinghai-Tibetan Plateau, only some gen-
eral conclusions can be drawn: except Tarim Basin,
yearly average LST in several land surface types in
the study is at least 2 K higher than yearly average
air temperature. In most land in East Asia, yearly av-
erage LST is at least 4 K higher than yearly average

air temperature.

Table 3. Comparison of yearly average LST (K) and air temperature (K) in neighboring stations in “pure” clear

days in focused representative surface types in 2000

Tarim Hunshandake North China Plain South Most land
Basin Sands China in East Asia
Yearly average LST 285.69 279.79 288.71 296.71 288.51
Yearly average air 285.58 275.92 286.10 293.61 284.29
Temperature (within 0.25°)
Number of stations 3 7 34 5 743
(within 0.25°)
Yearly average air 285.29 275.92 285.81 293.93 284.30
Temperature (within 0.5°)
Number of stations 7 7 39 9 747
(within 0.5°)
LST — Ta* 273.54 277.02 275.84 276.17 277.95

Note: in the last row is the yearly average air temperature in 0.25° and 0.5°scopes.

4.4 Characteristics of LST variation in “pure”

clear days during 1998-2000

Another work of this research is to establish a
clear-day LST database (Wang and Lu, 2005a) by se-
lecting suitable factors based on the single time/dual
channel split-window algorithm. With the regression
equation and the coefficient of the LST database, the
parameters of LST in the representative land surface
types in East Asia in “pure” clear days during 1998-
2000 are calculated, and the characteristics of LST are
analyzed.

LST has a slight increase in the three years, as
Fig.7 shown, much more obviously in Hunshandake

Sands. It is a little abnormal in East Asia in 1998
compared with the climate data. The time series of
LST studied in this paper is not very long so that
it is hard to find out the continuous, steady rules of
LST variation in multi-year scale. Sands, plain, basin,
plateau, and mountain areas have a decreasing degree
of LST seasonal variation one after another, the fea-
ture of LST seasonal variation is the same as that in
2000.

A rule of two peaks and two valleys is also typical
in the diurnal range of LST during 1998-2000 (Fig.8).
The comparison of the monthly average diurnal range
of LST in the same month among the three years

shows a slight decline trend, because the maximum
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LST (monthly average LST in 1 h) declines gradually
while the minimum LST rises gradually, and the lat-
ter plays a more decisive role. Decline trend of diurnal
range of LST results from the climate reason like the
variation of heat and water exchange between soil and
vegetation caused by greenhouse effect, air pollution

and human activities, etc.

5. Difference analysis of LST parameters in
Hunshandake Sands and Xilinguole typical

grassland

Xilinguole typical grassland (43.5°-45°N, 113°-
116.31°E) on the north of Hunshandake Sands (42.1°-
43.5°N, 113°-116.31°E) is a typical transitional belt
in China from grassland to desert steppe, where there
are mainly meadow grassland, typical grassland, and

desert steppe. The human activities such as overgraz-

310 310
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ing in the past decades have deprived Xilinguole typi-
cal grassland of its previous legend of “flocks and herds
looming in the grassland”. Now it consists of sparse
meadow mainly, even deserts in some areas. Compar-
atively, Hunshandake Sands has less vegetation cov-
erage than its northern Xilinguole typical grassland.
The distribution of sands, grassland, and lakes in Hun-
shandake Sands is more complicated than that in the
northern grassland (Lu et al., 2002).

The results in Table 4 and Fig.9 (monthly aver-
age LST and diurnal range of LST in Hunshandake
Sands in May only works as reference because of less
“pure” clear pixels) show that monthly average LST
in Hunshandake Sands in “pure” clear days is slightly
higher than that in the northern grassland. Seasonal
variations of diurnal range of LST in these two areas

are a typical two-peak and two-valley type. In June,
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Fig.7. Annual variation of LST/SST in “pure” clear days in focused representative surface types in 1998-2000 (K).



486

40

ACTA METEOROLOGICA SINICA

40

VOL.20

@

Tarim Basin

)

Qinghai—Tibetan Plateau

40 :
(c)

Hﬁnshafldake Sénds

Mbst laﬁd in Eést Aéia

% i b i i i i

& ' b i i i '

N i I i I i . I i I i I I

i 12 6 12 6 12 1 6 12 6 12 6 12 1 6 12 6 12 6 12
g 1998 1999 2000 1998 1999 2000 1998 1999 2000

2 40 ; e - 40 ; — - 40

= (d) i North China Plain (e) i1 South China (f)

§ H i H i H P

2

a

1 6

1998 1999

6 12 1 6
2000 1998

1999 2000

1 6

1998 1999 2000

Fig.8. Annual variation of LST/SST range in “pure” clear days in focused representative surface types in 1998-2000

(K).

3207
(a)

310t
300t
290}
280}

270t

Monthly average LST (K)

260t

—&— Xilinguole Grassland |
—+— Hunshandake Sands

6 7 8 9
Month

40 T
(b)

35¢

=

=

n

|

[

S}

9}

o

=

g

£l

g

2

A 10L7

12 1 2 3

s 6 7 8 9
Month

12

Fig.9. Seasonal variation of monthly average LST and monthly LST range in Hunshandake Sands and Xilinguole typical

grassland in “pure” clear days in

2000 (K).



NO.4

July and November, diurnal range of LST in Hunshan-
dake Sands is less than that in the northern grassland.
Diurnal range of LST in Hunshandake Sands has a
weaker valley in July while that in the northern grass-
land is one month later (August). The yearly average
LST of Xilinguole typical grassland is 278.26 K. From

these results, a trend of degradation is obvious in the
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northern grassland.

These results are directly related to the selection
of “pure” clear days in cloud detect algorithm. There
are only 7 and 4 “pure” clear days in Hunshandake
Sands in July and August, respectively, and only 9 and
5 “pure” clear days in Xilinguole typical grassland in

July and August, respectively.

Table 4. The difference of LST parameter between Hunshandake Sands and Xilinguole grassland in “pure” clear

days in 2000 (K)

Max. diurnal Month  Min. diurnal

Month  Yearly average Annual range Month  Month

range range diurnal range
Xilinguole typical 34.07 5 8.98 12 21.47 59.49 7 1
grassland
Hunshandake Sands 30.53 6 12.74 12 21.77 58.50 7 1

6. Conclusions

GMS5/VISSR observation with 1-h temporal res-
olution is a good dataset to study meso/micro-scale
physical parameters in the earth-atmosphere system.
LST plays an important role in remote sensing of the
environment and the study of earth resources. That is
one of the reasons for LST to be one of the popular fo-
cuses in remote sensing field in recent decades of years.
The diurnal and seasonal variation of LST reflects not
only the influence of solar radiation on the earth sur-
face and the lower atmosphere in different geographic
conditions but also reveals various physical properties
of surface types themselves.

The single time/dual channel split-window al-
gorithm is adopted to retrieve LST in this paper.
The characteristics of diurnal and seasonable varia-
tion of LST in several representative land surface types
(Tarim Basin, Qinghai-Tibetan Plateau, Hunshandake
Sands, North China Plain, and South China) in “pure
clear days” are discussed. LST parameters in most
land in East Asia are also studied as comparison.
Moreover, Sea Surface Temperature and relevant char-
acteristics in the south of Taiwan Strait and Yellow Sea
are listed in this paper. The variation characteristic
of LST in 2000 is emphasized in this paper. The vari-
ation characteristic of LST during 1998-2000 is also
shown, in which the regression equation for the estab-
lishment of LST database derived from Wang and Lu

(2005b) is directly used.

All these results are valuable to the studies of cli-
mate change, radiation balance, and estimation for the
change of land surface types.

(1) In most land in East Asia, LST reaches the
highest in 05:00 GMT and lowest in 21:00, and the
variation of LST at night is much lower than in day-
The land of East Asia in mid-latitude has an

obvious LST feature: warm in summer while cold in

time.

winter.

(2) In the Tarim Basin, Hunshandake Sands,
North China Plain, and most land in East Asia, the
monthly average diurnal range of LST in 2000 shows
two peaks and two valleys. The peak and sub-peak
of diurnal range occur in spring (March-May) and au-
tumn (September-October), respectively, and two val-
leys of diurnal range occur in summer (July-August)
and winter (December-January), respectively. Tarim
Basin and Hunshandake Sands, under the impact of
the geographical factors and long-term climate varia-
tion (located in the drought/semi-drought zone, pre-
cipitation obviously lower than other areas at the same
latitude), not only have considerable LST diurnal cy-
cle but also have remarkable seasonal variation due to
high reflectivity of the land surface, rapid heat con-
duction of soil, and water evaporation of land surface.
The maximum diurnal ranges of LST in those two ar-
eas reach 35.77 and 30.53 K in 2000, respectively. An-

nual range of LST in Hunshandake Sands is up to
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58.50 K in 2000. Seasonal variation of LST in the
Qinghai-Tibetan Plateau is not very high while the
diurnal range is large, yearly average diurnal range in
2000 is 28.05 K.

(3) Results show that there is a rising trend of
LST in East Asia during 1998-2000, especially in Hun-
shandake Sands. A slight decline of diurnal range of
LST is caused by the slight decline of maximum LST
and slight increase of minimum LST.

(4) LST parameters in Hunshandake Sands and
its northern Xilinguole typical grassland are not dis-
crepant.
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