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Abstract. Land surface heat fluxes are essential measures dand surface status under the limited cases (some cases looks
the strengths of land-atmosphere interactions involving enpoor results). So SEBS can be used to estimate turbulent
ergy, heat and water. Correct parameterization of these fluxeleat fluxes with acceptable accuracy in areas where there is
in climate models is critical. Despite their importance, state-partial vegetation cover in exceptive conditions. Itis very im-
of-the-art observation techniques cannot provide representgortant to perform calculations using ground-based observa-
tive areal averages of these fluxes comparable to the modeional data for parameterization in SEBS in the future. Nev-
grid. Alternative methods of estimation are thus required.ertheless, the remote-sensing results can provide improved
These alternative approaches use (satellite) observables ekplanations of land surface fluxes over varying land cover-
the land surface conditions. In this study, the Surface En-age at greater spatial scales.
ergy Balance System (SEBS) algorithm was evaluated in a
cold and arid environment, using land surface parameters de-
rived from Advanced Spaceborne Thermal Emission and Req  |ntroduction
flection Radiometer (ASTER) data. Field observations and
estimates from SEBS were compared in terms of net radi-A number of land surface process experiments are currently
ation flux (Rn), soil heat flux o), sensible heat fluxi{)  being performed around the world (e.g., Su et al., 2010), but
and latent heat flux\(£) over a heterogeneous land surface. arid and cold regions have received relatively little attention.
As a case study, this methodology was applied to the experiTo understand hydrological and ecological processes at dif-
mental area of the Watershed Allied Telemetry Experimentalferent scales, the land surface fluxes (and estimates thereof)
Research (WATER) project, located on the mid-to-upstreammeed to be quantified correctly by using a combination of
sections of the Heihe River in northwest China. ASTER remote sensing and in situ observations in cold and arid re-
data acquired between 3 May and 4 June 2008, under cleagjions. WATER was a simultaneous airborne, satellite-borne,
sky conditions were used to determine the surface fluxesand ground-based remote-sensing experiment conducted in
Ground-based measurements of land surface heat fluxes wetiee Heihe Basin, the second largest inland river basin in the
compared with values derived from the ASTER data. Thenorthwest arid regions of China. The objective of the WA-
results show that the derived surface variables and the lan®tER experiment was to investigate the water cycle, ecologi-
surface heat fluxes furnished by SEBS in different monthscal hydrology and other land surface processes at the catch-
over the study area are in good agreement with the observeghent scale. At this scale in the study, surface meteorologi-
cal observation plays a very important role. These observa-
tions provide strong information for validation of the remote-
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Table 1. Ground measurement items in the WATER area.

Name Location ltems Land surface character

Yingke 10025 E, Wind speed, air temperature and humidity (3 and 10 m), wind direction, air pressure Cropland(maize)
38°51 N, precipitation, four components of radiation, and land surface temperature (LST). Soil:
1519 m temperature and moisture profile (10, 20, 40, 80, 120, and 160 cm) and heat flux (5 and
15cm). EC (2.81 m).

Huazhaizi 10019 E, Wind speed, air temperature and humidity (2 and 10 m), wind direction, air pressure, Desert steppe
38°46 N, precipitation, four components of radiation, and LST. Soil: temperature and moisture
1726 m profile (5, 10, 20, 40, 80, and 160 cm) and heat flux (5 and 15 cm).

Guantan 10015E, Wind speed, air temperature and humidity (2, 10, and 24 m), four components of radiation Forest
38°32 N, (1.68 and 19.75m), wind direction, air pressure, precipitation, snow depth, and PAR. Soil:
2835m temperature and moisture profile (5, 10, 20, 40, 80, and 120 cm), frost depth, and heat flux

(5 and 15cm). EC, sap flow (Eqg. 3), fall-through, stemflow.

Maliantan 10018 E, Wind speed, air temperature and humidity (2 and 10 m), wind direction, air pressure, Grassland
38°33'N, precipitation, and four components of radiation. Soil: temperature and moisture profile
2817m (5, 10, 20, 40, 80, and 120 cm) and heat flux (5 and 15cm).

Arou 100°27 E, Wind speed, air temperature and humidity (2 and 10 m), wind direction, air pressure, Alpine meadow
38°03' N,  precipitation, and four components of radiation. Soil: temperature, moisture, water
3033m potential profile (10, 20, 40, 80, 120, and 160 cm), and heat flux (5 and 15 cm). EC (3.15m).

Binggou 10013 E, Wind speed, air temperature and humidity (2 and 10 m), wind direction, air pressure, Alpine marshy meadow
38°04 N, precipitation, and four components of radiation. Soil: temperature and moisture profile
3407m (5, 10, 20, 40, 80, and 120 cm) and heat flux (5 and 15cm).

Yakou 10014E, Wind speed, air temperature and humidity (2 and 10 m), wind direction, air pressure, Cold desert
38°07N, precipitation, snow depth, and four components of radiation. Soil: temperature and
4101 m moisture profile (5, 10, 20, 40, 80, and 120 cm) and heat flux (5 and 15 cm).

Note: EC is Eddy Covariance system.

Remote-sensing data provided by satellites make it possiand Atmospheric Administration/Advanced Very High Res-
ble to obtain consistent and frequent observations of the spemlution Radiometer), GMS (Geostationary Meteorological
tral albedo and the emittance of radiation from elements in &Satellite) and Landsat-7 ETM (Enhanced Thematic Mapper)
patchy landscape and on a global scale (Sellers et al., 1990)lata were used to determine regional land surface heat fluxes
Land surface variables, such as surface temperature, surfacser the heterogeneous landscape of the Tibetan Plateau (Ma
hemispherical albedo, Normalized Difference Vegetation In-et al., 2003a,b, 2009; Ma, 2007; Ma and Ma, 2006; Oku
dex (NDVI) and surface thermal emissivity can be derived di- et al., 2007). However, most remote-sensing retrieval meth-
rectly from satellite observations (e.g., Susskind et al., 1984pds have been applied in homogeneous moist or semiarid
Che'din et al., 1985; Tucker, 1986; Wan and Dozier, 1989;regions, and investigations in the heterogeneous landscape
Menenti et al., 1989; Becker and Li, 1990, 1995; Watson etof arid and cold regions (e.g., WATER area) using higher-
al., 1990; Baret and Guyot, 1997; Price, 1992; Kahle and Al-resolution satellite data (on the order of-2@00 m) are rare
ley, 1992; Li and Becker, 1993; Qi et al., 1994; Schmugge etor limited.
al., 1995; Sobrino and Raissouni, 2000; Li et al., 2000, 2003;

Jia etal., 2003b; Menenti et al., 2001). The regional heat flux
can be obtained indirectly using the derived parameters an@ Study area and data
variables (Pinker, 1990).

In recent years, numerous studies have explored a vari2.1 Study area
ety of approaches for estimating the regional distribution
of surface heat fluxes (e.g., Kustas et al.,, 1989; KustasWATER is a multiscale land surface/hydrological experiment
1990; Wang et al., 1995; Menenti et al.,, 1991; Menentiin a cold and arid region. In this paper, Yingke, Huazhaizi,
and Choudhury, 1993; Bastiaanssen, 1995a; Su, 2002; Ji@uantan, Maliantan, Arou, Binggou and Yakou are selected
et al., 2003b). These methods require specification of theas weather stations to represent the middle and upper streams
vertical temperature difference between the surface temeof the Heihe River Basin. Yingke station, located to the
perature and the air temperature and an exchange resisouth of the city of Zhangye, is a typical irrigated farmland.
tance. More recent, NOAA/AVHRR (the National Oceanic The primary crops are corn and wheat. Huazhaizi station
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Fig. 1. Map of studying area and observation sites during the WATER.

is located on desert steppe to the south of Zhangye oasis. The land surface data observed at two of the WATER sta-
Guantan is a forest station in the southern part of Zhangydions (Guantan and Yingke) were collected on a mountain
oasis. Maliantan is a grassland station near Guantan statiopass from an EC (Eddy Covariance) system, from which sen-
Arou station is located in the middle reaches of the Babaosible and latent heat fluxes were estimated. The turbulence
River Basin. The seasonally frozen soil is widely distributed. data, observed with a sonic anemometer-thermometer and an
Binggou station is a high-mountain drainage system, and thénfrared hygrometer, were processed using the eddy corre-
mean depth of the seasonal snowpack is approximately 0.fation methodology. Improved EdiRe (a software tool for
m, with a maximum of 0.8—1.0 m. Yakou station is located micrometeorological applications developed at the Univer-
on a mountain pass. To ensure the consistency of the observaity of Edinburgh) processing, including removal of outliers,
tion results at these stations, all instruments were demarcatecbordinate rotation, virtual temperature correction, time de-
before the experiments. Further details are given in Table lay removal, frequency response correction, WPL correction

and Fig. 1 (Li et al., 2009). and stability testing, was implemented to average time se-
ries datasets of sensible and latent heat flux into 30-min time
2.2 Ground measurements and preprocessing periods.

Most of the relevant data, obtained at the WATER (Fig. 1) )

stations to support the parameterization of land surface heag> Satellite data

fluxes and the analysis of ASTER images in this paper, con-

sist of surface radiation budget components, surface radioASTER covers a wide spectral region and uses 14 bands

metric temperature, surface albedo, humidity, wind speedrom the visible to the thermal infrared with high spatial,

and direction measured by the Atmospheric Boundary Layeispectral and radiometric resolution. The spatial resolution

(ABL) towers and Automatic Weather Stations (AWSSs), tur- varies with wavelength: 15 m in the visible and near-infrared

bulent fluxes measured by the eddy correlation techniquebands (VNIR, 0.52-0.86 um), 30 m in the shortwave infrared

soil heat flux, soil temperature profiles, soil moisture pro- bands (SWIR, 1.6-2.43 pum), and 90 min the thermal infrared

files, and the vegetation state. bands (TIR, 8.1-11.6 um) (Yamaguchi, 1998). The level of
ASTER data is L1B. In this paper, four scenes of ASTER
data over the mid- to upstream sections of the Heihe River
Basin were usedhftps://wist.echo.nasa.ggv/The ASTER
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Fig. 2. Diagram of parameterization procedure by combining ASTER data with field observatignis. iegetation coverage a1 is
the parameterization for excess resistance for heat transportation.)

observation times were 12:19, 3 May and 4 June 2008, Beifrom the 3 ASTER instrument subsystems (VNIR, SWIR and
jing time (GMT + 8). TIR) were reprojected to produce the same spatial resolution.
The general concept of this methodology is shown in Fig. 2.
NDVI was derived from bands 2 and 3 of the ASTER data.
3 Methodology The surface albedo for shortwave radiaties) (vas retrieved
from the narrowband-broadband conversion in Liang (2001).
The land surface temperature (LST}i) was derived using
The Surface Energy Balance System (SEBS; Su, 2002) Wa]zsarorr:t;%cljtigeve[{opleshby J|r|n_er;ez-l\(/;ugotz an;j_ Sobr|noM(2006)
proposed to estimate atmospheric turbulent fluxes and the Ispectra’ thermal Inirared data.  Jimenez-iiunoz
evaporative fraction using satellite earth observation data inand. S.O.b rino (2005) also evaluqted a technique .to extract
combination with meteorological information. emissivity |r_1format|on .fror_n muItls_pectral therr_na_l infrared
The surface energy balance is commonly written as data by adding vegetation mformgtlon. The radiative transfer
model SMAC (Rahman and Dedieu, 1994) was used for at-
Rn = Go+ H + AE (1)  mospheric correction of the VNIR data. The input downward
shortwave radiation was retrieved directly from observation
where Ry, is the net radiation (W ?), Go is the soil sur-  data recorded by the WATER AWSs. The surface net radia-
face heat flux (W m?), H is the turbulent sensible heat flux tion flux (R,) can be determined by combining the retrieved
(Wm~2) andAE is the turbulent latent heat flux (WTR). albedo, the surface emissivity and the L) from the
SEBS consists of a set of tools for determining the landASTER data and the downward short- and longwave thermal
surface physical parameters, such as albedo, emissivity, tentadiation from in situ measurements at the AWS stations. On
perature, and vegetation coverage, from spectral reflectanahe basis of the field observations, the soil heat fltix)(was
and radiance measurements. In addition, SEBS contains astimated from the net radiation fluR() (Eq. 2). The sensi-
model for determining the roughness length for heat transfeble heat flux @) was estimated from the LST ), the air
(Su et al., 2001; Jia et al., 2003b). Parameterization methodtemperature X;) and other parameters. The regional latent
ology applicable to this study is presented, and the retrievaheat flux ¢ £) was derived using the evaporative fraction, as
of the components of land surface parameters is discussedescribed in Su (2002).
further in Sect. 3.2.
In this study, the SEBS retrieval algorithm is applied to the
ASTER data to evaluate the applicability of this approach
to an arid and cold environment. First, the ASTER data

3.1 SEBS algorithm

Hydrol. Earth Syst. Sci., 15, 1403413 2011 www.hydrol-earth-syst-sci.net/15/1403/2011/
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The net radiation flu, was estimated as whereg is the acceleration due to gravity afidis the virtual
potential temperature near the surface. Other parameters can
Rn(x, y) = K (x, y) — Ky (x, y) + Ly(x, y) () be found in Su (2002). By combining Egs. (4—6) using an
iterative method, we can estimate the sensible heat flux.
=Ly, y) = {1 = rolx, )} - Ky(x, y) To estimate the evaporative fraction (see below), SEBS
makes use of the energy balance at the limiting cases of the
+ eo(x, y) [L¢(x, ) — o Tg(x, y)} dry limit and the wet limit, such that the relative evaporation
(ratio of the actual evaporation to the evaporation at the wet
whereeo(x, y) is the surface emissivity | (Wm~—2) repre-  limit) can be derived as
sents the downward shortwave components (0.3—3 um), and H — Hypet
L, (Wm~2) represents the downward longwave (3-100 pm)Ar = 1 — ———— (7)

radiation components. The surface albeglo:, y) was de- Hary = Huet

rived using the narrowband-broadband conversion method ihere Hyet is sensible heat flux at the wet limit arfdyry
Liang (2001). Because ASTER has nine bands, the conversensible heat flux at the dry limit. The estimation Hfet
sion from narrowband to broadband albedo can be achieveend Hyy is detailed in Su (2002). The evaporative fraction
effectively (Liang, 2001). Liang (2001) found that the con- (ratio of latent heat flux to available energy) was estimated

versions were quite linear. by the following equation:
The equation to calculate soil heat flux is given as follows AE A AE
(Su, 2002): A = o ATt (®)

" Rh—-G  Rn—-G
Go= Rn[l'c+ (1~ fo) - I's = Tol ) wherei Eyet is the latent heat flux at the wet limit (i.e., evap-

where the constants.=0.05 for a full vegetation canopy oration is only limited by the available energy under the given
andT's=0.315 for bare soil (see Su, 2002, for more detans)'surface and atmospheric conditions). The latent heat flux
A linear interpolation was performed between these limiting ( £) ¢an then be calculated by

cases using the fractional canopy coverafge)n this study, AE = A (Ry — Go) )
these constants for full canopy and bare soil conditions were . '
evaluated for the Heihe River. 3.2 Determination of parameters

To derive the sensible and latent heat flux, similarity theory
was used. In the Atmospheric Surface Layer (ASL), the sim-Land surface parameters play an important role in the air-
ilarity relationships for the profiles of the mean wind speed, land interaction over the study area. Study of this interaction
u, and the mean potential temperature difference between theequires an understanding of land surface parameters in time
surface and the aifg — 6,5, are usually written in integral and space at various scales. Because a satellite is able to
form as follows: observe the global surface continuously from space, it can

be used to monitor land surface parameters. The most com-
Us z — do z — do Z0m
w= x|l — W +\11m( ) (4)

3 2 mon (and useful) land surface parameters include the surface

“om albedo, the NDVI, the vegetation coveraBg (or fractional

H 7 —do 7 —do vegetation coveft), and the land surface temperature. These
0o — 0a = e oC [ ( ) - v ( ) (5)  parameters are required for the application of SEBS at the re-
*Pop “oh gional scale.
Z0h
+ Wh (T)] 3.2.1 Surface albedo

where is the height above the surface, is the friction ~ The surface albede(x, y) was derived using the previously
velocity, Cp is the specific heat of air at constant pressure,mentioned narrowband-broadband conversion method given
p is the density of airk =0.4 is von Karman's constandy by Liang (2001). The resultant linear equations were collated
is the zero plane displacement heighdm is the roughness  as follows:

height for momentum transfel is the potential temperature _

at the surfaced, is the potential air temperature at height ro = 0.484a1 + 0.33503 — 0.324a5 + 0551 (10)
Zoh IS the scalar _roughnes§ height for heat transfgr,and +0.305ag — 0.367ag — 0.0015
Y are the stability correction functions for momentum and

sensible heat transfer, ardis the Obukhov length.L is  wherei (i =1-9) indexes the corresponding ASTER band

defined as follows: surface reflectance values.
Cpul 6

L= Pt (6)
kgH
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Fig. 3. Diurnal variations of land surface heat fluxes over the WATER area. Note: the soil heat flux is measurements at 5 cm below the land
surface.

3.2.2 NDVI method (Gillespie et al., 1998) and can be simplified by using
two different TIR channels: and ;.

Because chlorophyll exhibits strong spectral absorption in )

the visible region (Tucker, 1986), land surface spectral re-Tsic = T + a1 (T; — Tj) + a2 (T; — T;)" + a0 (13)

flectance provides information on the presence of chloro-

phyll and thus on surface vegetation conditions. This infor-

mation can be utilized to calculate the NDVI for each pixel

from the reflectances in the red and infrared channels. Fog 5 5 g rface roughness parameters

the ASTER data, the NDVI is given as follows:

using coefficients obtained from simulated data by Jimenez-
Munozet and Sobrino (2006).

Several physically based models are currently used to esti-
band3— band2
NDVI(x, y) = ——o—— (11) matezom andzon. In general, the models account for canopy
band3+ band2 structure and the height of vegetation for given land-use
where band3 is the ASTER reflectance in the near-infrared’P®S (Raupach, 1992, 1994; Massman, 1999; Hasager and

red channel and band2 is the ASTER reflectance in the reg SN>€™: 19.99)' AS a simplification of these models, an em-
channel. pirical relationship betweefym and NDVI was used by Bas-

tiaanssen (1995b) to determine the regiafal as follows:
3.2.3 \Vegetation coveragy zom = €xp (C1 + C» - NDVI) (14)

The vegetation coverage) is a useful indicator for mon- where C1 and C> are empirical coefficients that are de-
itoring the condition of the soil surface and the health of pendent on the experimental area. According to Basti-

grassland and can be derived as follows: aanssen (1995by;; = —5.5 andC, =5.8 were assumed and
evaluated for the study area. Jia et al. (2003a) have evaluated
NDVI (x, y) — NDVInin 2 the constant€”; and C, and concluded that for the Heihe
Px, y) = [ NDVIny — NDVI i } (12)  area, different values need to be used (see discussions for
max min

more details).
where NDVhin and NDVimax are the NDVI values for bare Su et al. (2001) developed a physical model for the rough-
soil and full vegetation, respectively (Carlson and Ripley, ness length for heat transfer. In their model, fhgin terms

1997). of kB~1 (kB~1 =In(zom/zon)) is expressed as a function of the
surface condition and the aerodynamic variables and is used
3.2.4 Land surface temperature in SEBS in a modified form by Su (2002).

The land surface temperature was derived from multispectral
thermal infrared data using a method developed by Jimenez-
Munoz and Sobrino (2006). The main processes involved
are based on the Temperature/Emissivity Separation (TES)

Hydrol. Earth Syst. Sci., 15, 1403413 2011 www.hydrol-earth-syst-sci.net/15/1403/2011/
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Fig. 4. Distribution maps of land surface heat fluxes over the WATER area.

4 Results and discussion

4.1 Characteristics for land surface heat fluxes from
ground measurements

Figure 3 shows the Yingke and Guantan stations’ diurnal
variations in surface heat fluxes within the study area, in-
cluding the net radiationRp), the sensible heat fluxl), the
latent heat flux X E£) and the soil heat fluxfp) at 5cm be-

low the land surface (observational values used directly). As
the net radiometer at the Guantan station was located within
a forest, the data obtained by this instrument are not compa-
rable to satellite observations and are therefore omitted from
the subsequent comparisons. We can state our findings as
follows:

www.hydrol-earth-syst-sci.net/15/1403/2011/

. Yingke station: the sensible heat flux was largest in

May, whereas in June, the latent heat flux represented
the largest component of the surface energy budget. At
this time, plant water demand was highest because of
transpiration. This observed maximum occurred be-
cause high corn was beginning to flower and because
irrigation was in use. At the same time, the area pre-
sented good surface crop coverage. These results are
consistent with the remote-sensing results (cf. Figs. 4
and 5). The soil heat flux was directly measured at 5cm
below the land surface. Before planting and sprouting
during the crop season, the soil heat flux was relatively
large. As the crop matured, the soil heat flux decreased
significantly. The soil heat flux 5 cm below the surface

Hydrol. Earth Syst. Sci., 15, 14032011
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yingke 3 May vingke 4 June guantan 3 May albedo and the surface temperature were calculated us-
ing observational data (Binggou, Maliantan, Yingke and
400 7 %E (Wm?) ™ Observation M Remote Sensing Huazhaizi). Using the existing observational data (por-
350 - tions of the data for these sites are missing) and calculat-
300 - ing the albedo and LST from satellite data on 3 May and
4 June 2008, we can see that the results of remote sens-
250 1 ing and ground observations can be acceptable for cal-
200 - culating land surface heat fluxes. This finding indicates
150 - that our I_and surface parameterization scheme is feasi-
ble (cf. Figs. 6 and 7). Here, the APD (absolute percent
100 - difference) was calculated between the derived value
50 (Hgeriveg and measured valuéfneasured at a point as
0 } APD = HaervedHmeasuell For our analyses, the APD for
measured
yingke 3 May yingke 4 June guantan 3 May the LST was less than 3% and surface albedo was less
than 20 %. The RMSE (root mean square error) for LST
Fig. 5. Validation of the derived net radiatioRy, sensible heat was 19 and the surface albedo was 0.1. For regional
flux H and latent heat fluxxE against ground measurements land surface heat flux analysis, it is a way to evalua-
over the WATER stations, Yingke, Huazhaizi, Guantan, Maliantan, tion the parameterization if it can be used in Northwest
Arou, Binggou and Yakou. Note: The sites with missing observa- China, especially in oasis or gobi desert.

tion data were not listed in the figures.
4.2 Heat flux estimation using SEBS

was calculated to the land surface (Ma and Ma, 2006)Figure 4 shows the distribution maps of the surface heat

and compared with satellite retrievals. fluxes for the study area. Figure 5 shows the validation

results for the derived net radiation, the sensible heat flux

2. Guantan station: as in any forest, the height of theand the latent heat flux compared with ground measure-

canopy was not very consistent, and the measurements at the WATER stations (Yingke, Huazhaizi, Guantan,
ments cannot directly represent land-surface processeddaliantan, Arou, Binggou and Yakou). The ground AWS
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03 - that the calculated latent heat flux is acceptable for the
® Remote Sensing Yingke irrigation area at limited case, especially in June.
B Observation June is the season of irrigation, and crop growth is sub-
stantial. The figure shows that the satellite retrieval re-
sults and the observations are similar on 4 June. The
latent heat flux reaches 350 Wthduring this season.
This value results from the fact that the Yingke irriga-
tion area is largely occupied by irrigated corn. With
the addition of field irrigation, the land surface is very
moist. All of these factors lead to a large surface latent
heat flux. This result also shows that the evapotranspira-
tion (ET) is worked out as well. The values derived from
the remote-sensing results were too large at the Guantan
site because the large areas of forest (described earlier)
in the area in which the land surface observations were
made led to considerable difficulties. On the contrary
Fig. 7. Validation of the de_rived albedo against ground measure- it is a bad latent heat flux results on 3 May at Yingke
ments over the WATER stations. and Guantan site, the observation latent heat flux looks
so small but the results from SEBS looks realistic. So
measurements were averaged over a 10-min period, and the ~We think two reasons to illustration the bad results: first
EC was 30 min. is the unhappy land surface observation for latent heat
The results showed the following: flux and the second is the SEBS cannot suit the compli-
cated condition. Overall, however, SEBS, can be used

1. The derived net radiation flux over the study areawas o estimate the heterogeneous land surface latent heat
very close to the field measurements. The changes  fyx distribution under limited condition.

in the net radiation were comparable to the changes

in the surface temperature, the albedo and the down-

ward shortwave radiation. Here, the surface temper-5 Concluding remarks

ature, the albedo and the downward shortwave radia-

tion matched the measured data well. The net radiadn this study, the regional distributions of land surface heat

tion flux was also in reasonably nice agreement with fluxes over middle and upper streams of the Heihe River

the ground_based observations, with an RMSE value O1Basin were derived with the aid of ASTER data and field

41.5Wnt2 (Fig. 5). But a error accruing of net ra- Observations. The region characterized by partial vegetation

diation flux at Huazhaizi site, as we know Huazhaizi cover provided more accurate estimates (e.g., Yingke station,

site located nearby the Zhangye Osis then the advectiod June), compared with areas where the land cover consists

of osis and gobi desert were very huge. The boundaryof bare soil or densely vegetated areas such as forests, where

layer energy distribution was disarranged especially atthe results were poor (e.g., Guantan station).

noon. All of these reflect on the net radiation flux error ~ On the basis of this particular study, SEBS can be used to

between remote sensing and land surface observation. estimate turbulent heat fluxes with acceptable accuracy in ar-

eas where there is partial vegetation cover. For example, for

2. OVera”, the satellite remote'sensing results within a.4 June at Y|ngke Station, the remotely sensed estimates of

credible range for sensible heat flux in the study area arghe sensible heat flux value were large and the corresponding

not as well as the results for the net radiation flux pre-|atent heat flux value was small. It is very important to per-

sented above. The parameterization scheme for sensiblgyym calculations using ground-based observational data for

heat flux is the most complex in the entire land Surfaceparameterization in SEBS in the future.

energy budget, especially for Guantan station. The sta- Nevertheless, the remote-sensing results (estimated from

tion was located in the forest (as described above in ref-gp, average X 3 pixel matrix) can provide improved expla-

erence to the table). Many uncertain factors may havenations of land surface fluxes over varying land coverage at
produced some deviations from credible values. The reyyreater spatial scales.

sulting calculations can thus produce a large difference
between the remote-sensing results and observations &icknowledgementsThis work was under the CAS Action Plan
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