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Abstract: Construction of a high-resolution remote-sensing evapotranspiration (ET) dataset is restricted by remote sensing data

sources and clouds. Single remote sensor data cannot cover the land with high spatial and temporal resolution. In this paper, we ana-

lyzed the spatial characteristics of different scale ET data in ETWatch, compared several common fusion methods, and analyzed the

data characteristics and information before and after data fusion. We integrated the spatial and temporal adaptive reflectance fusion
model (STARFM) into ETWatch to fuse different scale remote sensing ET data. The results show that the STARFM fusion method
effectively can integrate the spatial and temporal distribution information of high & low resolution data, with an average error of

1.75%, compared with input of 1 km daily ET, with a monthly average error of 0.2% compared with input of 1km month ET. The

STARFM model is adaptive to fusing different scales of ET data.
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1 INTRODUCTION

Remote sensing image fusion means intelligently integrating
different spatial, temporal, and spectral resolution images. Image
fusion can complement different information, improve spatial reso-
lution, and provide clarity and synthetic analysis precision (Pohl &
Genderen, 1998; Sun & Liu, 1998; Jia, et al., 2000). Data fusion
deals with the image as a certain rule or an algorithm used to elimi-
nate redundant information, extrude useful and special information,
and improve the target identification environment.

Much research has been completed on scale transformation of
the land surface parameters. Mayaux & Lambin (1995) established
the pixel-based linear relationship between TM data and AVHRR
data based on the traditional statistical method. They performed
a scale transformation on a vegetation index in two steps. Gao &
Alfredo (2002) realized the surface reflectance and LAI scale
transformation from ETM data to MODIS data using a Fourier
transformation and point-spread function. Kim, et al. (2002)
researched the downscale transformation of remotely sensed soil
moisture with a modified fractal interpolation method. Jin et al.
(2006) presented surface heterogeneity with the percent of main-
land cover class. They implemented the up-scale transformation
of the leaf area index (LAI) in the research area by establishing a
transformation equation for every land cover class using the correct
factor R. Zhang & Zhong (2008) considered the surface heteroge-
neity in two steps and implemented the upscale transformation of
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LAI by using ETM data. Many of these scientists researched the
scale transformation problem using a data fusion method.

The Moderate Resolution Imaging Spectroradiometer (MODIS)
and TM data are commonly used data in remote sensing ET. We
can obtain ET data sets in 1 km and 30 m spatial resolutions. The
number of MODIS data sets is much more than TM data. For ex-
ample, in the north of China, we can obtain approximately 80 clear
images from MODIS but less than 8 clear images from TM. In
order to obtain a high spatial and temporal resolution ET data set,
we must fuse the data in different spatial and temporal resolutions
from different sensors.

We made use of the high spatial distribution information from
high-resolution images and high temporal distribution information
from low spatial resolution images so as to present the temporal
and spatial distribution with higher precision. Wu & Shao (2006)
researched the transformation of different spatial resolution ET
data. They used TM data to calculate 30 m resolution ET data and
NOAA/AVHRR to calculate 1 km resolution ET data.

Many factors and parameters affect the calculation of ET. It is
difficult to perform a data fusion with only input parameters. The
non-linear change in data fusion causes much uncertainty in cali-
brating the parameters and spatial and temporal distribution analy-
sis. Remote sensing ET data fusion needs to integrate the character-
istics of input data in spatial distribution and on a temporal scale. In
addition, we must evaluate and analyze the fusion result or middle

process based on the actual demand.
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In the paper, we analyzes the spatial characteristics of remote sens-
ing ET in different scales, the data characteristics, and the information
before and after fusion. The STARFM model is applied to complete
the multi-scale remote sensing ET data fusion in ETWatch.

2 STUDY AREA AND METHODS
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Fig. 1 Location of the research area (Miyun county) and the land use
cover

2.1 Study area

In this study, we addressed the area in Miyun County, north-
east of Beijing, China. Land-use cover is abundant in this region,
such as woodland, arable land, construction land, and water (Fig.
1). A ground station is found in Miyun County,which is located at
116°58 18"E, 40°30°48"N, with an area of 2229.45 km’. The main
land-use type is agriculture, at approximately 1536.89 km’, which
accounts for 69.1% of the total land. Other land use types are con-
struction, approximately 325.68 km’, accounting for 14.6%; and
unused land, at about 363.9 km?, accounting for 16.3%. The county
is surrounded by mountains to the east, north, and west, with the
Miyun Reservoir in the middle and the plains to the southwest.

2.2 ET data

We obtained 1 km and 30 m resolution remote sensing ET data
from MODIS and TM data. We obtained the MODIS 1B clear-sky
data covering the experimental area in May, 2007. We performed
the geometric correction using the built-in GCP point of image and
calculated the reflectance or radiance, which provided the calibration
coefficients. Using threshold values from multiple characteristics, a
method that quickly separates clear pixels from cloud-contaminated
pixels, we detected cloud pixels (Steve et al., 2002). The NDVI
in the experimental area was calculated using MODIS 1, 2-band
reflectivity after atmospheric correction. Surface albedo was
computed with the linear combination of the first seven bands of

reflectance. Using MODIS data 31, 32-band radiance, land surface
temperature was calculated using the split-window algorithm in the
experimental area (Jiang, et al., 2006).

We have used a clear TM image from May 28, 2007. The
image was pre-processed to determine several parameters, the
radiometric calibration, the calculation of surface reflectance,
atmospheric correction, calculation of NDVI, and surface tem-
perature inversion (Jose, ef al., 2004). With the 1: 10,000 topo-
graphic map for reference, precision geometric correction was
performed with ground control points and with an error rate of
less than one pixel.

Low resolution ET data, at 1 km spatial resolution, were gener-
ated by the ETWatch system with input parameters from MODIS.
These parameters included vegetation index, land surface tempera-
ture, surface albedo, surface emissivity, other surface parameters,
and meteorological data interpolated by the meteorological station
data. We obtained the daily ET data sets for the study by using a
gap-filling method generating satellite-free daily ET (Wu, et al.,
2008; Xiong, et al., 2008).

High-resolution ET data, with 30 m spatial resolution, was
generated by the ETWatch system with input parameters from the
TM data. These parameters included vegetation index, land surface
temperature, surface albedo, other surface parameters, and mete-
orological data from the weather stations (Wu, et al., 2008).

Table 1 Dates of images used to calculate ET

Data Type Data Date
2007-05-01 2007-05-04 2007-05-06
Low resolution 2007-05-09 2007-05-14 2007-05-17
2007-05-25 2007-05-27 2007-05-29
High resolution 2007-05-28 — —

2.3 Fusion methods

In this paper, we compared several data fusion methods:

(1) Linear transformation

Linear transformation is a simple image fusion method, which
directly makes a linear transformation using the corresponding
high-resolution ET image pixel with certain requirements (Weng &
Tian, 2003). If ET,, is the value of high resolution ET images and
Fr is the linear factor generated by the low-resolution ET images,
the fused ET images can be obtained by the following equation.

ET.=ET,*Fr (1)

Both the concept of linear transformation and the calculation
of are simple. However, the temporal information contained in the
fused ET images is not enough, and the resulting value is much dif-
ferent from the actual value. The linear factor is determined by the
ratio of different periods’ low resolution ET data.

(2) Window-based linear transformation

The window-based linear transformation method takes into ac-
count the different distributions of the whole image. We set a cer-
tain size moving window, and the transformation coefficients were
different in each window. The fusion result is defined as:

ET,. (i, j)=ET,, (i, ))x Fr(i, /) )

where ET, (i, j) is the ET value for the high resolution image in
the corresponding position (i, j), and Fr(i, j) is the linear factor

obtained from low-resolution images in the corresponding window.
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The ET temporal and spatial expanding method proposed by Wu in
the remote sensing ET temporal and special methods and applica-
tions also is based on the window linear transformation method (Wu
& Shao, 2006).

(3) Non-linear transformation

The fused ET value does not increase proportionally with the
non-linear transformation. The histogram of the fused ET image is

close to the low-resolution ET image. The fusion result is defined as:

ET,! (i, /) = \[ET,, (i. /) x /max(ET, ) 3)

where ET, (i, /) is the ET value for the high-resolution image in the

corresponding position (i, j), and max(ET,,) is the maximum value

tm.
in the corresponding low-resolution image window.

(4) STARFM Fusion

The basis of the spatial and temporal adaptive reflectance fusion
model (STARFM) is that it ignores the errors of spatial location
and the atmospheric correction. The value of the low-resolution re-
mote sensing data can be calculated by the high-resolution remote
sensing data available for the same period using an area weighted

method. The equation is defined as:

C, = (F'x4) “
where C, is the pixel value of low-resolution image at time ¢, i is the
spatial index of the high-resolution pixel, F is the pixel value of
the high-resolution image at time ¢, and 4, refers to the area ratio. The
algorithm is based on two assumptions: (a) when the low-resolution
image pixel value does not change, the high-resolution image pixel
value does not change either; and (b) during the predicting period,
if the low-resolution image pixel values at time 7, are equal to the
high-resolution image pixel, their values should still be equal.

We first obtained both high and low resolution ET data at the
same time (¢,) and then calculated the spatial distribution difference
of the images, predicting the high-resolution ET data combined
with the low-resolution ET data at another time (¢,). The sliding
window method was used to reduce the effect of boundary pixels
in the low resolution image. During the calculation, the spatial
distance, spectral distance, and time distance were counted as the
weights. The prediction ET value for the central pixel based on
STARFM can be described with the following equation:

L (xw/Zsyw/zs T ) = Z Z

=1 =1 k=1

L(xi’yi’Tl)iM(xz’yl’TI)) )

Wy (M (x, 3, T,) +

where L(x,,, V,,», T») is the high resolution pixel value at time 7, w
is the size of moving window, only the valid pixel is taken into ac-
count in the calculation, (x,,, ,,,) is the middle pixel of a window,
M(x,, y,, T,) is the value of the pixel at position (x;, y,), L(x;, v;, T})
and M(x,, y,, T)) are corresponding pixel values of high- and low-
resolution ET images, respectively, and W, is the weight of every
pixel in the window. The weight function can be calculated using
the following equation.

W =1/Cu[32 3330 01C,) ©)
I J

where Cy is the integrative result of the spectral distance, time,
and spatial distance weights that are calculated between the central
pixel and other pixels in the window (Gao, et al., 2006).

2.4 Evaluation method of the fusion results

Currently, image quality evaluation is divided into subjec-
tive evaluation and objective evaluation, and often both are used.
Subjective evaluation is analyzed by visual observation, while
objective evaluation uses the image information entropy, definition,
average gradient, deviation index, root mean square error, and other
statistical parameters (Weng & Tian, 2003; Wu, ef al., 2008). The
statistical parameter method is used to evaluate the image quality in
the quantitative analysis. The method to evaluate the fusion result
of different resolution ET data is different from other multi-source
remote sensing data fusion. Using it, the researcher focuses on the
problem of whether the fusion result reflects the real value. In this
paper, we evaluated the quality of fusion ET data for two aspects:
the simulation of phase and the spatial diversity.

(1) The simulation of phase method is used to analyze the accu-
mulation of ET values from fused images and to evaluate whether
the fused ET image reflects the accumulation of the fusion phase.
Because of the long satellite transit cycle of TM data, it cannot
meet the monitoring needs for a long-time series. Through data fu-
sion, the results provide high temporal resolution information.

(2) The spatial diversity method is used to analyze the ET dif-
ference of different land cover types before and after fusion. The
low-resolution ET data (resolution 1 km) cannot reflect the surface
detail characteristics. When integrated with high-resolution ET
data, the resulting image possesses high temporal and spatial reso-

lution information.

3 FUSION RESULTS

Linear transformation integrates the high- and low-resolution
ET data by way of linear stretch. Non-linear transformation chang-
es the ET value in different proportions based on the data range of
the ET data. The STARFM method takes into account the spatial,
spectral, and time distance of high- and low-resolution ET data. We
compared the fusion results of these three methods—Ilinear trans-
formation, non-linear transformation, and the STARFM method.
Then we analyzed the results from the STARFM method in the
simulation of phase and the spatial diversity.

3.1 Fusion method comparison using daily ET data

In order to compare the differences in the four fusion methods,
we used the TM data from May 28, 2007, to calculate the ET and
then fused the high spatial resolution ET data from May 28"
the four fusion methods separately. We compared the results with

using

the input of high-resolution and low-resolution ET data (Fig. 2).
The linear transformation stretches the high-resolution ET data
over the entire image and well preserves the spatial distribution
information of high resolution, but it cannot present the character-
istics of the low-resolution ET data. The value ranges and average
value of window-based linear transformation and the statistics are
the same as the linear transformation. However, the stretch in each
value range is not the same as that of the window-based linear
transformation. This is relative to the different transform coefficient
in each window. The non-linear transformation expands the range
of the value in the fusion results. In the non-linear transformation,
the low values increased more, and the average value of the whole
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Fig.2 Comparison of different fusion method results with input ET data
(a) Linear transformation; (b) Window-based linear transformation; (c) Non-linear transformation;
(d) STARFM fusion model; (¢) Input 30 m ET Data; (f) Input 1 km ET Data

Table 2 The statistics of different fusion methods

Fusion Minimum Maximum Average STDV Avg/30 Avg/l

methods/Statistics /mm /mm /mm m/% km/%
Linear 0.55 6.32 2.49 0.63 20.48 -284.13
Window-based 0.05 5.82 1.98 0.68 0.00 -338.24
Non-linear 0.12 7.39 3.35 0.7 40.90 -132.86
STARFM 0.11 7.47 4.26 1.14 53.52 -1.75

30 m Original ET 0.05 5.82 1.98 0.63 0.00 —

1 km Original ET 0.12 6.06 4.28 0.86 — 0.00

* Avg/30 m means the Average value compares with the 30m original ET; Avg/1 km means the Average value compares with the 1 km original ET

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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image was about 3.35 mm (Table 2).

The value range of the results based on the STARFM method
in ETWatch and the image’s average value are consistent with
the 1km resolution data. The histogram of the resulting image is
distributed equally and is similar to the 30 m resolution data. The
results of the STARFM method reflect the character of high-reso-
lution data in spatial distribution and also import the characteristics
of low-resolution data. The difference between fusion results and
input 1 km ET data were 284.13%, 338.24%, 132.86% and 1.75%,
respectively, for the different methods—Ilinear transform, window-
based linear transform, non-linear transform, and STARFM fusion
model.
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3.2 Analysis of Monthly ET Data Fusion Results

We compared 1 km resolution monthly ET data before fusion
with the monthly ET data after fusion, which was calculated using
the STARFM model in ETWatch (Fig. 3).

Table 3 Statistical comparison of monthly fusion results and 1
km monthly ET input

Minimum Maximum Average St Dev
STARFM 4.42 145.48 85.92 27.51
1 kmET 1.51 137.41 86.13 23.67
Difference/% 192.7 59 -02 16.2
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Fig. 3 Miyun ET distribution map in May 2007
(a)l km monthly ET; (b) fusion result

The range of fused images is consistent with the 1 km resolution
data, which is related to the high-temporal resolution of 1 km ET
images. The ET value of the image is within the range of 40mm to
140 mm. The average of the image is basically the same as the in-
put 1 km ET data, the difference is 0.2%, and the standard deviation
difference is 16.2% (Table 3, Fig. 3). The histogram of the fused
image combines features of 1 km data and 30 m data. The trend of
the histogram is consistent with the 1 km ET data, which shows
that the results preserve the temporal character of low-resolution
ET data.

In the 1 km resolution scale, the results are consistent with the
1km input ET data, the result is well-correlated with the input data,
and the coefficient is 0.9, as shown in Fig. 4. The image after fusion
integrates the characteristics of both high & low resolution data.

3.3 Fusion result analysis of representative land
cover types

The spatial diversity reflects the ET spatial differences between
different land cover types. Whether the results reflect the diversity
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Fig. 4 The scatter of ET data before and after fusion

of different land cover types directly reflects the quality of fusion
data.



260 Journal of Remote Sensing

#ERAFE®R 2011, 15(2)

180.00 1 180.00-
135.25 - 135.25-
£ I £
Z 9050 Z 9050
& £
= i =
< 45754 = 45.75-
} .
1.0044", . 1.00

180.00+

1
135.25]’

90.50-
1
4

45.75+4

After fusion

1.00

1.00 4575 90.50 135.25 180.00

Before fusion

(@)

1.00 4575 90.50

Before fusion

1.00 4575 9050 135.25 180.00

Before fusion

135.25 180.00

(b) (c)

Fig. 5 ET distribution scatter plots of different land use types
(a) Arable land and water; (b) Wood land and bare ground; (c) Water, arable land and wood land

We compared the fusion image with the single-day ET calculat-
ed using TM data, and the results show that the diversity character-
istics of ET values after fusion are consistent with the data before
fusion. The fused image retained the diverse characteristics of the
original TM image. We analyzed the fusion results with different
land-use types (Fig. 5). The land-use types of the two-dimensional
plot in the Fig. 5(a) are mainly arable land and water. The land-
use types of the two-dimensional plot in the Fig. 5(b) are mainly
woodland, bare ground, and arable land. The land-use types of the
two-dimensional plot in the Fig. 5(c) are mainly water, arable land,
and woodland. The horizontal axis of the scatter plot represents ET
values of images before fusion, and the vertical axis represents the
fused images. We changed the single-day ET to monthly ET with a
linear transformation before plotting the scatter. The linear transfor-
mation preserves the spatial distribution of the original ET data.

We can see the ET distribution before and after the data fusion
from the two-dimensional scatter plot. The differences in ET values
are apparent among the different land-use types. The distribution of
water, woodland, arable land, and bare ground show good correla-
tion both before and after fusion. This means that the fused image
retained the original spatial distribution information and can reflect
the ET difference of different land-use types. A tail is seen in the
right scatter plot, which represents the water in the land-use type.
The monthly ET image before fusion is transformed from a single-
day ET image, and the monthly ET value of water before fusion is
about 100 mm. The fused ET image reflects the changing informa-
tion of low-resolution data over a month, and the water ET value is
approximately 135 mm to 150 mm. Therefore, a tail-like distribu-
tion area appears in the scatter plot. This also shows the diversity of
the ET values for different land-use types after fusion.

4 DISCUSSION AND CONCLUSION

The STARFM fusion method combines temporal changing
information from MODIS with spatial distribution information
from TM and generates ET data sets with high spatial and tempo-
ral resolution data. The data sets retain the temporal trend of high
temporal resolution data and reflect the spatial detail differences of
high spatial resolution data. The relative error of daily ET between
STARFM and input 1 km daily ET is 1.75%, and the monthly ET
relative error is 0.2%. The STARFM model can improve remote
monitoring spatial and temporal precision.

The fusion results are different among different land-use types.
The error in arable land is smaller than for woodland and city be-
cause of the small land cover change difference and the plains land.

The STARFM is still a weighted transformation fusion method.
The result is related to the complexity of the underlying surface
types. If small crops are on the land, such as crops and water at the
junction, the fused ET value is not very good because of different
weights produced by different land features. Therefore, we need to
develop a method to process the boundary phenomenon.

The temporal distribution of high-resolution data may affect the
fusion results. If the dates of the high & low resolution data are far
from each other, the change in surface character, especially the veg-
etation cover, and weather condition changes that are related to the
ET, can affect the fusion results. In this situation, the fusion method
may not display this change information. If the temporal difference
between the result date (#,) and the input data date (¢,) is small, the
result will well-reflect the spatial distribution character of the high-
resolution data. The error in the fusion result is more apparent if the
temporal difference between ¢, and ¢, is great because of the change
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in surface characteristics. Therefore, we need to use more high-
resolution data in the fusion process.

At present, the 30 m resolution images that we are able to obtain
include TM, ETM, BJ-1, CBERS, and HJ-1, among others. All
these images come from different sensors and have their own
characteristics. An important step is to normalize and correct high-
resolution images from different sensors, which is important for the
next step in determining the different spatial and temporal resolution
fusion methods.

With the increase in multi-source remote sensing images, the
demand for data fusion is also increasing. The future trend will be
integration of multi-source remote sensing data. The research in the
field of multi-source remote sensing data fusion will be to deter-
mine the conditions and the methods before doing the fusion, based
on the characteristics of the model and the problem.

The linear transformation method retains the spatial distribution
information of the high-resolution data but cannot reflect the tem-
poral changing information. The non-linear transformation method
enhances the temporal changing information.

The STARFM method synthetically takes into account the
spatial, spectral, and temporal information, and the results in-
tegrate the characteristics of both high and low resolution data.
The method is adaptive to fusing different scales of remote sens-
ing ET data.

REFERENCES

Gao F, Masek J, Schwaller M and Hall H. 2006. On the blending of the
Landsat and MODIS surface reflectance: Predicting daily Landsat
surface reflectance. /EEE Transactions on Geosciences and Re-
mote Sensing, 44(8): 2207-2218

Gao X and Huete A R. 2002. Validation of MODIS land surface
reflectance and vegetation indices with multi-scale high spatial
resolution data. Geosciences and Remote Sensing Symposium, 2:
533-535

JiaY H, Li D R and Sun J B. 2000. Data Fusion Techniques for Multi-
sources Remotely sensed Imagery. Remote sensing technology and
application, 15(1): 41-44

Jiang L P, Qin Z H and Xie W. 2006. Program splits window algorithm
to retrieve land surface temperature for MODIS data using IDL.
Geomatics & Spatial Information Technology, 29(3): 114-117

Jin Z, Tian Q, Chen J M and Chen M. 2006. Spatial Scaling Between
Leaf Area Index Maps of Different Resolutions. Journal of
Environmental Management, 85(3): 628—637

Jose A S, Juan C J and Leonardo P. 2004. Land surface temperature
retrieval from LANDSAT TMS. Remote Sensing of Environment,
90(4): 434-440

Kim G and Barros A P. 2002. Downscaling of remotely sensed soil
moisture with a modified fractal interpolation method using
contraction mapping and ancillary data. Remote Sensing of
Environment, 83(3): 400413

Mayaux P and Lambin E T. 1995. Estimation of tropical forest area
from coarse spatial resolution data: a two-step correction function
for proportional errors due to spatial aggregation. Remote Sensing
of Environment, 53(1): 1-15

Pohl C and Genderen J L. 1998. Multi-sensor image fusion in remote
sensing: concepts, methods and applications. International Journal
of Remote Sensing, 19(5): 823-854

Steve Ackerman, Kathleen Strabala, Paul Menzel, Richard Frey, Chris
Moeller, Liam Gumley, Bryan Baum, Suzanne Wetzel Seeman,
and Hong Zhang. 2002. Discriminating Clear-Sky from Cloud with
MODIS Algorithm Theoretical Basis Document (Mod35), Version
4.0

Sun J B, Liu J L and Li J. 1998. Multi-source remote sensing image
data fusion. Journal of remote sensing, 2(1): 47-50

Weng Y L and Tian Q J. 2003. Analysis and Evaluation of method on
remote sensing data fusion. Remote Sensing Information, 37(3):
49-53

Wu B F, Xiong J, Yan N N, Yang L D and Du X. 2008. ETWatch:
Methodology of regional evapotransp iration monitoring with
remote sensing. Advances in Water Science, 19(5): 671-678

Wu B F and Shao J H. 2006. Temporal and spatial extension of
evapotranspiration estimated from remote sensing. Journal of
Hydraulic Engineering, 37(3): 286-292

Wu J, Jiang H and Li Y H. 2008. Quality Assessment of RS image fu-
sion. Geomatics Technology and Equipment, 10(4): 9-11

Xiong J, Wu B F, Yan N N, Hu M G and Sun X M. 2008. Research on
Temporal Reconstruction of Evapotranspiration by Using Re-
mote Sensing. Progress in Geography, 27(2): 53-59

Zhang W C, Zhong S and Hu S Y. 2008. Spatial scale transferring study
on Leaf Area Index derived from remotely sensed data in the Hei-
he River Basin, Chian. Acta Ecologica Sinica, 28(6): 2495-2502



262 Journal of Remote Sensing  # & %4k 2011, 15(2)

ETWatchH AB R EZEME HiE

o

HivE, %, R

TERERE BN AT, JLaT 100101

|

OB SO YERE RS AR A7 B BRI A IR A = AsE e, S — IR A B R s R . AR
M T ETWatch AN [F] KB 1 JRSR s R iy 4 [RIAHAE , Sl JLRPRLG ik iy Hed, /e ir il & e BRI s B,
2 38 by P S A A AR ( STARFM ) £E I BIETWatch, R [l RUE @ B R R &, 1207k T MREF I ZS &
RO B (1425 [ 534 AN e A (5 8., PR o) R W8 T it [l o HE e 5t i e el 2 fb e g, s o) b SR T s ) 4
BB A2 40 25 7, STARFMARS G 1 HETEHE SRlGHI km HETEWRE -SRI X1R2EH1.75%, BG G HAET

B SEEGRT] km H ETEHREAG LAY 225 50.2%, STARFMIE S TAERJE T & RETHIE RS .

%4 BSELE, ETWatch, Z88(%, TM, MODIS
hE4SZES: TP72/TP75 XERFRARTD: A

15(2): 255-269

SURMER: HikitE, BEs%, SANJ7. 2011, ETWatch"URRIREEZRHBLG ik, IRk, 15(2): 256-269
Liu S F, Xiong J and Wu B F. 2011. ETWatch: a method of multi-resolution ET data fusion. Journal of Remote Sensing,

1 51 &

TSR RG Te R HA R R 23 (W] 4 PR L i) 43
HERMDGIE M HER S BIR R Re L S, SRS
BRI B AN, e B R i 2 A) S AN
B, REEEGUGISE S TR (Pohl fllGenderen,
1998; PIFARRIXIZERR, 1998; BUKLL 45, 2000) . %k
PR A AR RS R RIS, IR —E
AR S T AL ], JEBRITARS EAMEE, %
A HEBER, BeE BArU IR,

PR B2 38 o AN (] 1 i e 2 00 IR P 46 [m)
TP T AHW5E . Mayaux A1 Lambin (1995 ) 7Ef%
St or ik ERan b, dr T TMEE 5 AVHRRE
ZIEETROTAME R, s ML kit
17 TSR B RS 4% . Gao 1 Huete (2002 ) Ff
ek FRL it A2 o AR R B )RR, SEBMET M
MODIS# L S 5 R X LA RE e . Kim Fl Bar-
ros (2002) BF5E T AT A AN KGR 475 {7 vk 204 7

KFEHE: 2010-03-15; f&iTHHA: 2010-08-11

TR R By 1] R RO JingE (2006) HIFE
ST o R FAF L R e, A e
TREE A S N, S0 TSR IX LAL
FHR R, 5k 8% (2008 ) FIHETMEE, 4
P T R S i, SCOE T LA R e

MODISFITM & 12 JiZ {53 v 1 25l
AP ZEB 43 W T kmAI30 mas [ 20 e, 1
MODIS A S FIEE L TMEE 25 . LAEdb X N
B, BRAE ] AR 25 0] WL FN AT SR EHE 29805
TMIUAS RS, ARE R 28 73 HER 28 HUE U 4 1 A e
TR 22— A L IR L A R R 28 0 Bk
TEREEA TR G, TR i o P S R It
HZEHCE 2 )43 15 B AV PERaE B AR SR L 2
FRCR B ISP B, AT ZE SRS 4 A B ] 23 [ R |
SRR s AR, ST (2006 ) HITME
B30 mr B ZEEC S HINOAA/AVHRR T
M1 kmsrBERETAHE &, 1E T 280 B0l i A [F] =5
() 73 HE A ) e AT 5

EEWE . hEBEFEAIROIE TRE KRB H (459 KZCX1-YW-08-03; 45 : KZCX1-YW-08-02) ; HHA4ITGEFWiH

E—1EER N WIMTE (1985—
%Y. E-mail:liushf 263@irsa.ac.cn,
BEEE: 206, E-mail:wubf@irsa.ac.cn.

DRI )= B N A ot s el s R S W e ol = 1 e N - o B ey & L it Ly



Wi AE 2. ETWatchAS 5] < R 288k & )y 263

TR PN T ARZ, e ASRIZR Lt
AT R JE R RN, Rt & A A AR AR A2
ZHRE . SIS RHIE TR T RIS
SEVE. TR RO AR A A2 (W) A RIS T RUBE
CREIURRIRAE, ZRRCER R A1) B ORISR
R PRI R G B2 Rl e A

ARSI T AN TR R 288 R Ll R ) 25 T A
IR Rl 5 IS AR AE RIS B, 7EETWatch
HIHSTARFMI5 A S T 22 RUBE I IR HIA SRR G

2 BIESITIL
21 HRE

ARWEFE BN T AC BT AR AL 25 2= Hh XA O S5
BSIK, SCIG XA MM, BEH . S AR RS 2R
T A IR, MR S SARSORAS M E s, JFE
TER 2 T AR MR ULt o S XA O A
116" 58°18"E, 40" 30°48"N, [if42229.45 km®,
YU PRI P R ) A R 2SR R Al i #1536.89 km?,
169.1%, Hoi 514.2%, B 512.6%, Fiis
Hi71.5%; A HIHE325.68 km®, (514.6%; AFIFHHE
363.9 km®, [716.3%, HPTiEH592.6%, VD,
HEEE74%. £EK, Jb. = mBFLERgE,
BB K, PO, B =R
wr, MRS, PR RRBEEIE (EL) .

BT FEIX e R A P

2.2 FEEIE

1 kmF130 m ) i 7% Hie 450 3 501 #1 FHMODIS
BRI TMEOE S FHETWatchf 354531 (%8s H 1 W
1) o FRET LR IX 200745 H L5 9 FIMODIS 1
2= B, R FIMODISEE P & GCP 4 58 AL
B IUTAIE, AR RS20 & bn R ECK Bl E il
s B RS R R S B B 2RI AT (A
E, PSR s WSRO0 S = T PR OT Y A
B, =K (Steve Ackerman, 2002) . KX
MAEJG I 20 BERPR, TR SR IX 1 kmdr 3
FNDVI, FHMODISHHE i 7110 B i) i 31 i £&
PR AT R I 2, RAIMODISE#E Y31, 32
BB AR se e, sy M E AP SR X ] km
SYHER MR (278 4%, 2006)

WF 5T 12007455 H Jo = 15 4 19 15t TM AR 4
(2007-05-28 ) o XFAARBHRIAT 7RI EPR . HbR
FPPRIIHR . KRYIE RNDVIFHRE, L%
IRFER R (Jose 28, 2004) . LA1 : 107 HBIEE N
SR, 38 AT R AR T LR 21 OE
REP eI MEIT AN

I3 B R ETHE J& FHMODIS B A= 1M 1 35
oo WERIREE . AR SRR R LR O R A R
SR, LA G I s 1 3 e A (R R4 B,
i ETWatch R Ge Az B 23 (8] 53 B K 1 km A ET 4011
e . AR E R R A BE TR B H WET, 4%
LI X E HETEIRE (I 5, 2008; AES:
45 2008)

AN ERE TR T TMBE A i BFE 5. 1D
TR . MR EREMRSEL, G 55
S 58 i ETWatch R G045 B 25 (1] 70385430 m
PET/ M &dis (RNT5 %%, 2008 )

R FERNBSBENESHEESEBEREH

K m HdiE A
2007-05-01 2007-05-04 2007-05-06
K439 2007-05-09 2007-05-14 2007-05-17
2007-05-25 2007-05-27 2007-05-29
FPER 2007-05-28 — —

23 MEFHE

LM AR 2 2 A3 HE A ET RS 4 2k 1 1 7 2t
Frfe, T 0 AL A R A 1 1 P A
[ B AR PR AT 4, AR AR I A AN [m) i L )



264 Journal of Remote Sensing

#ERAFE®R 2011, 15(2)

ETHHR AR Ll 2E 1748 4, 52 T STARFM T4
BT m AR FORE T 12 M BRSOl B &
FHEFE RS, MM TRl G .

(1) ZeMARSR: MR f 2 — i fA] B 1) 52 1% il
G, EHEHER S PPRETAR N AR R A8
(B 4% IR — g R R M AR e ( Sk M KA,
2003 ) o WIRET, R PEe AR MWETIH, Frk

HAR A PR AR A R -, IR AmE G 4R
ETo HI 383 20133 .
ETw=ET, xFr )

LM S AE TSR, TR /DN Bl
SERE TG R EUR AL R TS B AR, e as R 55
PRAEAHZE AR, Lotk A PR A i o b S RS ] BEAIG
T HERET I AR E

(2) ETHE O RLMAH . T O MmgkEE
Wik BB R RN E S, W B RS
e H, BAE H AR RSN, A SR
ETaH:

ET,, (i,j) =ET,, (i, j)x Fr(i,j) )
2, BT, )N B ARG AE X OB G, j)RYET

{H, Fr(i, j) i {4 B AGAE 6] I DX A5 3] (1 4%
PR, RN (2006 ) FEiE B A 28105 78 K
14 25 IR 3 1 B iy FH P 4 s A E TS 28 IR 4
TR R T AL A ik

(3) AP d . AR ET{E A4 Ll
WO, 38 A o v A R R T S AR BE
REWGHAR, A G ARET ) (i J)iT 2R A «

ET (i, j) = JET,, (i, /) X/ max(ET, ) 3)

K, ET(, )N B BERARLER A B (i, J)IWET

., max(ET )&% N 0 XA 3R E 14 00 5

KIE.

(4) STARFMFl & J5ik: STARFM 7k #E S

FE R R A W8 28 1) 7 i iR 25 5 R IR R 22 T2

T, ARG R B S T PT LT IR s o

ARG OTE R TR AR L B R ARk 4R, nsX
(4) PR

C =X (F x4) (4)

Krp, CRZ AR PR 18 B R R ol Ik

O3 PR ARG T I X N 5 70 R 8 B RS T

Ko, FRt Rl @ o s R R4 oo, 4

RHEHERR LG FEAWABE . SRR B

BICIEBAT BA AT, B PR R G oTEEA
KAy AT P, AR T B ] AR S
RGNS ICE S B PR ROC AR, B AXE
TR E AT TR EAT ISR AH 4

STARFM J5 i B Je AR B[R] —Bshe) (7, ) 7 50 BF
RETSMAHRET, iR R AR 4 8] 43 A (1 2
5, AT —HE () MRS BERETEIE 17 41
D7 B () 7R 43 BER ET R 000 o A 0 et A v (s T 3
BB YR 08 R o3 B B (5 ot i B
S, FEAE A S i O AT RO R T E TR
ozl HE RS . JGRE IR B K R B VR A, T
STARFMAY TN L AT LA (5) i FTfliak

L(xwz’ywz’Tz):Z Z ; VV;I'k (M (xi’yiaTz)+

L(x,y.T)=M (x,y.1)) (5
AP, L (xs Yuns To) SETRINBY T 22009 5 0 HEIR
DU, wRBSIE RN, #H R A RO
RIRBEATHN, (0, v B FPEIAEIC, M(x,
Vi TYRE HALE (G, y)IET R ZIMIGITHE, Lix,
Vis TORIM(x;, y;, TOWHES M HERETHR S HERET
TET I ZIBIFENASTTIE, W B I AR oTTEFi
CMEICHTH AL . STARFMAT 2 P A AL BR80T LU
X (6) HATIHHH:
Wy =1/ Cy iii(l/c,jk) 6)

Krf, CpEMfE HdLritiG oo & 1 H AL S
I (fU4EZRHAHEME ) UGS B . a5 s a)
B EAE M (Gao &, 2006) .

24 REHERWNITNTIE

FIRITX AR R 0 RF A2 A
AR ST EPEH R B AT 20 AT
FMPEN R HE R AOE B TR . P EIRRE
T 2E 48 BORIA TR ZEF G SR HE (FKF
FIHRA, 2003; @0 4, 2008) o GEitZ R
N5 e IE R A B R R B B, ARl R
BT fill 5 45 28 1 AN 15 HA 22 5 R 15 114
PN TR AR, EONE T XTETRI G 25 R 15 S bk
BB BURTZ IE o AR SO REAADL AN ) 73S P
DT TP E TR Rl 45 R A R

(1) WHARBSUE B, ARG R FETEHE 21
ST A i B AR TP ET & 0 AR 2R 43 BT il 45 2R



I AR 4% ETWatch P AN ROBEZE Rl & J5 vk 265

AR AR UE . d TTMEE TR s A, oy
BEARETRCR (I ] 73 B, AN BN R 8] Jy
FUETH N AR o il Bl &, FRlE 5 RETEL
P BAT RIS HERE R

(2) H¥yor et tir, MRS R RETEHE 21
S T AR 30 BOET 22 5K 73 M il 5 45 R i 3 )
or5etke AR HERETEAE (7R km) AEES L
R A TRANRRAE, 5 0 PERET R Rl &
A EAT R 23 23 R A E TR o

3 RAES

XA . AR AR MIET Watch R 48 Y
STARFMUT LR & 25 5RAE T R, IFAE LR i kil
I, IEPESTARFMERG 5k, #E— 20 NI AR AL AN
23 (6] 3 SR 7 T 43T R T S S AS R

3.1 BHETHIERRMAE HIELR
N T B LR RS Tk 225, #£H2007-05-

4x10* 4x10* 8x10'r
4
3% 10" , 3% 10" ﬂ\ 6x 1071
2%10° \\ 2x10° If \ 4x 10
/ \ 4
1x10* / \ '\‘ 1x 10* / 2x10°¢ __/ \
Ob—" - N 0 L A L
2 4 6 8 1 2 3 4 5 6 7 1 2 3 4 5 6 7
LA Iz LA I HHEE

(d)

(e) (f)

B2 AR D7 EA R A AR E TR H

(a) SMAHREER; (b)) BT H N AL Ha R

(c) ARLbEAE iR

(d) STARFMEL&Z55;  (e) 30 mELARTETEE;

(f) 1 kmfl & HETS S

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



266 Journal of Remote Sensing

#ERAFE®R 2011, 15(2)

28— TMilEiI ETWatch R GEiH A ETEE , FIHIX
— R HERETEE SR PR ETEW IR LA 4
Ty 2243 B4 H12007-05-28 4 S 4 FE TR, 715
B AR 25 2 BRI A BE R ETEOE 47X L 43 B o
1R EIEE R a2

ML 290 1 B T D R A 25 SR I G (3R
2) MTLLEH, AR AR E R BERETHL
P T hrff, w7 ARG AR B T o R E T A 1
S AE R, (RRRER I K/ HERETEURE 1Y
BHERRAE . 5T 1 11 A0 L A8 4 1) a5 405 SR O (B35
W SR PERETE T3, HPEd—3, 4
T 5 @ RRETAHBL, (A2 284 5 25 (8] 43 7
fERAE TN, SETFE D LM e
E I X E PR —8, XRS5 RAE 12t
e REA— O AR R T RA 45 R
EIE R, Rt A i, ARE R /s £

3.35mm (WLF#2)

ETWatch £ 4t H' STARFM J5 32 4 il A5 435 5% 116 {1
TS 1 kmWETER AR 8, BURHEE S km
METH—3; BRI MmE%, 530 mAYETEE
B EIEARARRL, MBS HiAd SR B AR E 22 L
30 mAYETEAEIS N, H1.14, STARFMRl& 45 RAEZS
] 53 A EARGE I S B T e 3 PR ETAE (R AR, []
A5 I T BEETEUE B E AR AIE . 2R 4 |
FETHE A AR AR FISTARFMAR & 1Y)
BER 5 1 kmflS RTETEMRE 1Y 25 577309010 284.13%
338.24%. 132.86%%11.75%., H:TSTARFMIFE T
EREIR 51 kmfl & BTETAWE — B

3.2 HETHIERREHR

P E M1 kBl AT 0 ETEEFIETWatch R 4
STARFMAL & )5 20074E5 A ETAH (5 R A 3

R B AR A D, B FEEAREE 1 km) SEFTXT AT (E3)
F2 AEREFEERNSITFE
= o —_ PIE SR
A 7 R BoMA, - BOME PRI e 0T HE 5B km ETHA/(%)
mm mm mm ﬁ/(%)

LA 0.55 6.32 2.49 0.63 20.48 -284.13
P O A2 A 0.05 5.82 1.98 0.68 0.00 -338.24
LR AR 0.12 7.39 3.35 0.7 40.90 -132.86
STARFMf A 0.11 7.47 426 1.14 53.52 -1.75

30 mfl & HIET 0.05 5.82 1.98 0.63 0.00 —
1 kmfl & HIET 0.12 6.06 428 0.86 — 0.00

30F
25¢

ﬁZO-
=15
10F

K3 % =20074
(a) 1kmAET;

30F
25F
a5§20-
= 15F
10}

SAET M
(b) Rh&E5R



b8 2. ETWatch AN [E) R 78 Hmh & 07 2% 267

®3 ARME&ER51 kmAETHIESITHHERT L

BME BKME CFWE i 22
STARFM 442 14548 85.92 27.51
1 kmET 1.51 137.41 86.13 23.67
ER/% 1927 5.9 -0.2 16.2

AlA R SR 5 1 km 0 8 1 B g A —
B, A ARG REE B A 4—140 mmX [H],
I H X ETFIH S5 AR kmETEHE—2, 2
FH0.2%, ARfETEZEFN16.2% (F£3, K3) .
STARFMEIA S R45 4 T 1 kmBdE F130 m#Ed i 45
fiE, BbAIERARM BT 51 k28BS A9 B 3%
AR—F, XM T STAREMRI& 245 A B T AR P
B AR ARARAE

E1 kmRUE b, GG R ETEE S 1 km 3 HET
B —3k, HAMRG MM, HERECH0.9,
UL, A S P ETEIE RIS T R KA BRI
PRI (A RFAE

160 y:0.862x +11.49

R’=0.907
140 -

120
100 |
80
60 A

A4 530 mHAET

40

20 A

0

0 20 40 60 80 100 120 140 160

AAHT km A ET

El4 1 k] E LRGSO L

3.3 HABBYRMAHRIN

W o3 S AR R AN [ b S B E T
AR 2E S RlA S TR R TR [ b 2 2%
SR T A SRR

RS 5 0 H ETZS R 5 R - TMEGE A R R
PIETECE EAT HLE oM, R IRLA AT S ETEE 1
Yoy SRR AR L AR — B AR SRR
PRE TR TMEZ AR b 25 SEARAE (B15) o El5 (a)
D5 HE Y A B b B 1) A ORI 2SR e
FKAM; S (b) J5HE 45 b s i - R
FAV TR . BRHRIEE; S (o) JTHER) 4k

RS b SR ) R PSR R R AR B RIAR
Moo HTFRLE TGOS RWETHE, FES5MERE
(19 H BB THCHE JEA T 10 B He e e i kA B 81 H 1
ET{H, XHEAT DML B4 R A AN

A B BT DUR Rl S SR N AR R
fE, ANFEHYZRAET /SR, KA M. #fHs
FIVRHb ) 20 A ZERL G TS A ARG AR SCME, XU T
A TG SARIESE T G TR R 25 R AR, fig
i R e R [ M I ET 25 5 FEIELS () YK
SE R E T — AR B 43 X, X R R A b
YA RIKIR, BT RVETTRAR N R R e— R 28
Fa, A AR K R Y A ZEECE A P E 100 mmZAS
i, G TR AR R T AR BER 78 Bt — D A
A FIZE R A, HAEAE135—150 mmZ [i], PFIH7E
RIS R T R — A R EUR B 43 A X, 3t i3 B T il
G I EAEEA R A 2T T 153 AR A

4 RS

ETWatch % 4t HF i STARFME & 7 2K MODIS
FIETHS A28 b5 B S TMIETZS (8] 22 5245 B A HLEs
G, AT DA B R B2 MR ETEOR 4E . 7ERT
(] b P BE T e I ) 3 B R 00 () I (R AR a3, 28
(] b SR e 1 e A ] 3 B AR A A 1 A ] A0 Y 25 5%
STARFMEl A J5 1) H ETEE SRl 4171 km HETEURE
AR IR ZE R 1.75%, RGBTSR Sl &
HI1 km HETEIE 1A %222 40.2%, STARFM
Rl TR e T ETE M A I 25 A AR

ST AR 2R, STARFMAY Rl A Bir
AN, XFRk, SR, MFRRRIZE RN B
TR AR 1) 25 5 OB R DX AR X AN

STARFMZSE 5T FATSR & — A s iy ik, BR
THEA R E R A OC, WA/ NIUEY), skt S
KRR EE AL, AR A AR BA—HE,
MY A F AL P2 Az i W S . IR AR 22 R e —
RE BN [F by 52 s Rl 5 i o

PRI R 23 A % STARFMBE Rl &5 Y 235 56
A—E R, ARSI PS8 H AR,
B BRI AHERS , MO RFRIE R AR T A8 Mk, JLHIE 578
PR A DG AR 5 ARG SR A5 ) AR A X Rl 5 45
RO, A RBRANRE T 2RI X e AR A
B, EIEEREZ] (1) FMODISEE 5 flA Hi it



268 Journal of Remote Sensing

#ERE®R 2011, 15(2)

180.00 180.00-
135.25 - 135.25-
At 1 At
B 90.50- B 90.50-
SR i o
2 . 2
B 45751 B 4575
1
4 .?.
1.004" . R . 1.00
100 4575 90.50  135.25 180.00

A RTAR
(a)

1.00 4575 9050 135.25 180.00
AR

1.00 4 - -
1.00 45.75 90.50 135.25 180.00

Al RS
(b) (e)

K5 AR R IR R ETRE & 45 R 19225+
(a) BHBAUKEA;  (b) MR (c) KA, BRbRIbRHD

Z) (t,) FITMEHE FHIMODISE I (1) F 11 2% S /)N,
Rl 0 25 S BR R R B /55 23 BE R ETHUE 1 23 18] 4311
TE, o, Fle B 20 AH 22 AR, e, 3 e, Aot 20 R RS AE & A
TEKRMAEM, BAE R A 1 25 AR .
W 25 e BdE 2 5 RlR G

HHT AT LLERE0 mZe A7 43 BER B AR AR TM
ETM. BJ-1. CBERSHIHI-1%, T x4t A
K ARG FG S, ATk A2 A DA
UG IR, 77 A TR A —30PE, dnfarficdy
K AN AR IRER 1 8 A B A 1 A — AL AR BT O
AR AL A R AR, RS A HER A
A TR N B E ST T

WEE 2 IR B S AT s, SRS R R
B %, Rokrad R 2 AR RS, R
T ) R0 P e S RIS A ) R, TR AT A R A T il
G, R ARG, 2R BB RS E
[

BT LRI T = 0 PR 5 i 23 a]
SrAifE B, (HRRE B ETAUE 22k RO s )5 8
LA RS IR T BTS2 L B 145

ETWatch & 4t HHISTARFMEN S k4 %8 T
ETHHE 2 M5 R . CiE B iR 28 fbfF R, il

R TR PERBIE NEE, a8 TARR
B R RETEUR R4

REFERENCES

Gao F, Masek J, Schwaller M and Hall H. 2006. On the blending of
the Landsat and MODIS surface reflectance: Predicting daily
Landsat surface reflectance. /EEE Transactions on Geosciences
and Remote Sensing, 44(8): 2207-2218

Gao X and Huete A R. 2002. Validation of MODIS land surface
reflectance and vegetation indices with multi-scale high spatial
resolution data. Geosciences and Remote Sensing Symposium, 2:
533-535

JiaY H, Li D R and Sun J B. 2000. Data Fusion Techniques for Mul-
tisources Remotely sensed Imagery. Remote sensing technology
and application, 15(1): 41-44

Jiang L P, Qin Z H and Xie W. 2006. Program splits window algo-
rithm to retrieve land surface temperature for MODIS data us-
ing IDL. Geomatics & Spatial Information Technology, 29(3):
114-117

Jin Z, Tian Q, Chen J M and Chen M. 2006. Spatial Scaling Between
Leaf Area Index Maps of Different Resolutions. Journal of
Environmental Management, 85(3): 628—637

Jose A S, Juan C J and Leonardo P. 2004. Land surface temperature
retrieval from LANDSAT TMS. Remote Sensing of Environment,
90(4): 434-440

Kim G and Barros A P. 2002. Downscaling of remotely sensed soil



M8 2. ETWatch AN [E) R 78 Hmh & 07 2% 269

moisture with a modified fractal interpolation method using
contraction mapping and ancillary data. Remote Sensing of
Environment, 83(3): 400—413

Mayaux P and Lambin E T. 1995. Estimation of tropical forest area
from coarse spatial resolution data: a two-step correction func-
tion for proportional errors due to spatial aggregation. Remote
Sensing of Environment, 53(1): 1-15

Pohl C and Genderen J L. 1998. Multi-sensor image fusion in remote
sensing: concepts, methods and applications. International Jour-
nal of Remote Sensing, 19(5): 823-854

Steve Ackerman, Kathleen Strabala, Paul Menzel, Richard Frey,
Chris Moeller, Liam Gumley, Bryan Baum, Suzanne Wetzel
Seeman, and Hong Zhang. 2002. Discriminating Clear-Sky
from Cloud with MODIS Algorithm Theoretical Basis Document
(Mod35), Version 4.0

Sun J B, Liu J L and Li J. 1998. Multi-source remote sensing image
data fusion. Journal of remote sensing, 2(1): 47-50

Weng Y L and Tian Q J. 2003. Analysis and Evaluation of method on
remote sensing data fusion. Remote Sensing Information, 37(3):
49-53

Wu B F, Xiong J, Yan N N, Yang L D and Du X. 2008. ETWatch:
Methodology of regional evapotranspiration monitoring with
remote sensing. Advances in Water Science, 19(5): 671-678

Wu B F and Shao J H. 2006. Temporal and spatial extension of
evapotranspiration estimated from remote sensing. Journal of
Hydraulic Engineering, 37(3): 286-292

Wu J, Jiang H and Li Y H. 2008. Quality Assessment of RS image fu-
sion. Geomatics Technology and Equipment, 10(4): 9—11

Xiong J, Wu B F, Yan N N, Hu M G and Sun X M. 2008. Research
on Temporal Reconstruction of Evapotranspiration by Using
Remote Sensing. Progress in Geography, 27(2): 53-59

Zhang W C, Zhong S and Hu S Y. 2008. Spatial scale transferring
study on Leaf Area Index derived from remotely sensed data
in the Heihe River Basin, Chian. Acta Ecologica Sinica, 28(6):
2495-2502

Mt Fp 3252 30k

WKL, 27, FhNEAR. 2000. £V R
HARGRMA, 15(1): 41-44

FArME, BEREEE, W, 2006, MODISEE e 2 /= 1 4> 2L
BRAIDLYEL. ML 52 RmEE A, 29(3)~114—117

MRS, B

IhNFEW, X4kFR. 1998, LGB GME. BECSER, 2(1):
47-50
Rk, RESE, EROR, MEA, kg 2008 FTEEEM X

FERCR W —ETWatch, /KBHADEE, 19(5): 671-678

RIETT . BREEAE. 2006, A 2RI 28 e i s RUBE kBT
B K AL ﬂ<$U§éﬁ§ 37(3)'286—292

FIAKF, WA, 2003, B 7L SR 2E
BRIEE, 37(3):49753

R, T, ZERIR. 2008, BESHARRLA R EIEN BT

SFARBER, 10(4): 9-11
Aess, RN, ERIE, I, %J\H*éﬁfc 2008. JEEAE AR
BRI T AT Y. M BRI, 27(2): 53-59

KITE, Ahl, #I/0TE. 2008. ‘/ﬂvﬁbﬁﬂfﬁﬁ
() RBEFGAS. A2, 28(6): 2495-2502

S50 (LAT) 25



