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China is a large country by area. In situ monitoring of the environment cannot meet the demand of the society. For large areas,
remote sensing is the only viable technology for environmental monitoring of the entire area. Although satellite observation capa-
bilities as well as remotely sensed data acquired on board of satellites from both within and outside China are widely available,
research is rare that targets the entire territory of China for environmental monitoring. In this paper, the process of environmental
change has been categorized into changes in driving forces, environmental change, materials transport and transformation, con-
centration and abundance change, exposure and infection change of human and ecosystems, and impacts. The potential in moni-
toring changes in these various aspects is assessed. The progress of environmental change monitoring over the entire territory of
China is reviewed. It is suggested that at the methodological level, remote sensing should not only be applied to observation and
experiments as well as understanding the change mechanism, but also be coupled with environmental simulation and forecasting
S0 as to support environmental policy making. At the application level, remote sensing should be used beyond its traditional applica-
tion fields to include species diversity, biological invasion, public health, air and water quality monitoring. Finally, at the technical
level, systematic research should be devoted to the improvement of operational and automatic use of remotely sensed data.
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Global environmental change is defined in the Earth System
Science Partnership program by changes in the physical and
biogeochemical changes especially caused by human activi-
ties [1]. For example, climate change and desertification in
the arid and semi arid areas are examples of the physical
system change [2—4]. Pollutions of the atmosphere, soil and
water bodies are biogeochemical changes. Human drivers
include deforestation, fossil fuel burning, urbanization, land
reclamation, fertilization and pesticide use, fresh water ex-
traction, over grazing and over harvesting of fishery in
ocean and lakes, and waste production. Only when these
changes accurately detected and identified, and their inten-
sity and duration measured, can we better understand the
underlying processes, simulate the past and forecast the
future of these changes, and develop adequate policies for
environmental management, restoration and adaptation, and
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eventually reduce the negative impacts of these changes.
Conventional observation on environmental changes is
limited to local areas or specific locations at certain limited
times. For example, environmental observation data col-
lected by the Ministry of Environment of China are only
restricted to approximately 100 prefecture level cities.
Weather data collected by the State Weather Administration
are from approximately 2000 stations that are dozens to
hundreds of km away. Measurements from different coun-
tries may suffer from different standards, use of different
instruments and discrepancy in measurement density. There-
fore, over large spatial areas, it is difficult to collect data
that are consistent in accuracy and even in coverage. It is
expensive to establish a comprehensive and systematic
network of on-site observations over a large country like
China. How to obtain accurate environmental change in-
formation over China is a challenge both China and the in-
ternational society are facing. Although China’s input in
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environmental monitoring had been increasing rapidly in
the past 30 years, it is still lagging far behind the rate of
economic development and the demand of general public.
For example, before 2011, China does not monitor PM, s
(particulate matter whose diameter is less than 2.5 um).

Although the international society is aware of the short-
comings and uncertainties in data reported from aggregation
of lower level administrative units, little can be done to
change this because capitals and technology could both cause
inconsistency in the items to be measured and the meas-
urement accuracy. For example, the Food and Agriculture
Organization of the United Nation (FAO) relied on the ag-
gregating the reported forest cover numbers from individual
countries for many years. Until 2011, it adopted a method-
ology to conduct forest change survey using the free of
charge Landsat data made available by the United States.
Based on a 1% sampling of all over the world, FAO ob-
tained forest cover data for 1990, 2000, and 2005. When
compared with the reported data by individual countries of
the same year, it can be seen the totals differ by approxi-
mately 10% [5,6]. It is easy to imagine that given the fact
that the percentage difference is so large at the global scale
the percent differences at local scale would usually be much
greater.

For environmental change monitoring at large spatial
scale, remote sensing is the only viable means. However, at
the global scale, this technology only led to the production
of a limited number of global data products from weather
satellite data with a spatial resolution at the km scale [7,8].
Since the 21st century, China launched a number of advanced
satellites including the China-Brazil Resource Satellite-2,
Fengyun series of weather satellites, Haiyang series of ocean
observation satellites, Huanjing environment and disaster
monitoring satellite, and the satellite for surveying and
mapping. However, technologies for data receiving and
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storage are somewhat backward with these Chinese satel-
lites due to the lack of multiple ground receiving stations
evenly distributed in different part of the world and the lim-
ited on-orbit data storing capacity. Nonetheless, as an im-
portant application field, remote sensing of environmental
change over the entire territory of China, it faces considera-
bly significant difficulties in transforming satellite data into
meaningful information. To overcome these difficulties, an
essential question that must be addressed is what types of
environmental changes can be effectively monitored with
satellite remote sensing. However, this requires comprehen-
sive experiment and assessment of all possibilities before
the question can be fully answered.

1 Contents and methods in remote sensing of
environmental changes

The spatial scale for environmental change can be as small
as a water pond, a crop field, a community or a small wa-
tershed, and can be as large as a continent, the entire earth
or the universe. The temporal scale can be as short as sub-
seconds as during an earthquake or lightening, minutes and
hours during flooding and hurricane passing, or seasonal to
interannual in vegetation growth, and can be as long as
hundreds of years during ecosystem succession, millions of
years of continental shift and up and downs of species evo-
lution. The evolution cycle of human and ecosystems driven
by environmental change and the interactions between en-
vironment and the human and ecosystem are summarized in
Figure 1. It is possible to use remote sensing in many of the
spatial-temporal processes in understanding these complex
processes.

Environmental changes that might be detected with re-
mote sensing are grouped into 6 categories (Table 1). This
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Figure 1 A simple sketch of the cycle environmental changes and their impacts on human and ecosystems. The actual process contains many multi-direc-

tional complex processes that are not plotted here.
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Table 1 Environmental change variables that are potentially detectable with remote sensing

Broad categories

Types of environmental change

Forest dominated environment

Shrubs and grassland domi-
nated environment

Agricultural environment

Non-photosynthetically active
surfaces

Water environment

Atmospheric environment

Species, phenology, height and closure, species abundance, age, succession, climate adaption, meteorological hazards, fire,
disease, pollution, alien species invasion, pruning, selective logging, plantation, biomass, leaf area index, chlorophyll con-
tent/nitrogen content and other biogeochemical variables, forested wetland area, etc.

Species, phenology, closure and height, species abundance, succession, adaptation to climate change, meteorological haz-
ards, fire, disease and insect attack, pollution, grazing, alien species invasion, leaf area index, plantation, productivity, etc.
Soil physical and chemical properties (type, temperature, moisture, organic matter, heavy metal concentration etc.), crop
type, plantation acreage, leaf area index, phenology, flooding and drought, disease and insect attack, pollution, fire,
productivity, etc.

Impervious surface, building density and height, roof material, type of road pavement, bare soil surface, etc.

Water level height, inundation extent, underwater topography, temperature, waves, speed of current, suspended sediment,
salinity, turbidity, acidity, dissolved organic matter concentration, algae concentration, pollutant, alien species invasion,
species abundance, productivity, freezing and melting, length of freezing period, ice and snow cover types, thickness ex-
tent, etc.

Temperature, humidity, pressure, wind speed and direction, atmospheric chemical constituents, concentration and vertical
distribution, aerosol optical depth, size and shape of particulate matter, the height, coverage, thickness and water vapor

content in clouds, lightening location and frequency, etc.

is a wish list that can be further deliberated by the science
community. A lot of research and development is needed to
reach the goal of effective monitoring of any single item.
Underground variables are not considered here as they are
much difficult to monitor with remote sensing from above.
This could change as technology develops. For example, the
water table depth and abundance of water may be inferred
from vegetation growth and gravity changes, respectively
through indirect estimation [9,10].

In the type of environmental changes, qualitative changes
in species, fire burnt area, water bodies, impervious surface,
snow and ice cover are related to Land-Use and Land-Cover
Change (LUCC). Some even suggest the land change sci-
ence as a distinct field of science [11]. LUCC, links with the
driver of human activities by the manifestation of land use
on the earth surface, and with the natural environmental
system by land cover (Figure 2). The directional pointing in
Figure 2 is primarily reflecting the simplified cause and
effect relationship. In reality, they are multi-directional. The
content in Figure 2 is simplified not exhaustive. The detec-
tion of LUCC though remote sensing plays an important
role in understanding and simulating the interaction be-
tween human activities and the natural processes.

The application of remote sensing to the monitoring and
mapping of LUCC has been widely studied. The detection

and identification of LUCC are usually obtained through
thresholding multitemporal differences of remotely sensed
data or post classification comparison [12-16]. Most other
types of changes can be quantitatively characterized. Such
changes can be directly obtained by comparing measure-
ments taken at different times [17-19]. Comparison methods
include statistical regression models [20-23], inversion of
physical models [24-26], or data assimilation [27,28]. Changes
through time can be obtained through differencing, ratioing,
trend analysis and direct change identification [29,30].

2 Progress in remote sensing of environmental
change over China

Similar to other countries in the world, China also relies on
the bottom-up report system to collect environmental in-
formation. After 30 years of economic growth, China expe-
rienced significantly large environmental changes. The ur-
banization rate, carbon emission, fertilizer and pesticide use
have all topped the world during this period. However, the
capability in monitoring these environmental changes falls
behind the speed of environmental changes itself. Therefore,
it is highly desirable to develop advanced capabilities in
environmental change monitoring over the entire territory of
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Figure 2 Land cover and land use change in relation to the human activity drivers and the natural system.
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China. It is reasonable to expect that satellite remote sensing
should play an important role in environmental change
monitoring over China.

However, a search of ISI Web of Knowledge using “en-
vironmental change and China and remote sensing” as the
entry only resulted in 154 articles (February 4, 2012). When
setting aside those focusing on local and individual cities,
only about a dozen papers about the entire territory of China
are left. Through manual interpretation of satellite images,
China has already developed land cover and land use maps
in the 1980s, 1990, 1995, 2000, and 2005. The 2010 land
cover and land use map interpreted from satellite data is
also underway. With these data, research has been done to
study the changes of land use and their multiple impacts on
the environment [31,32]. Methods have been developed to
extract urban expansions from those interpreted land cover
and land use maps in the 1990s, to understand the urban
land use change processes, to summarize typical spatial-
temporal urbanization patterns and to derive the differences
in driving mechanisms of urban expansion [33]. Greenness
indices derived from remotely sensed data were used in
combination with ecosystem modeling and atmospheric
inversion to derive the net primary productivity and carbon
balance for China in 1980-1990s [34,35]. Regions of land
degradation and improvement in 1981-2003 were identified
through an analysis of greenness and NPP [36]. Using wet-
land maps derived from satellite image interpretation in
circa 1990 and 2000, types of wetland changes in China
were detected with area of wetland loss measured [37].
Although researchers have done a large amount of work in
grain yield estimation using remotely sensed data in China,
there are few relevant publications [38,39]. The spatial de-
composition/interpolation has been done by converting
county level population data to grids of 1 km® based on
those land use maps derived from remotely sensed data [40].
A combination of photo interpretation of lake water bodies
with those digitized from historical topographic maps re-
sulted in a database on lake body changes over a 50 year
period for all lakes whose area exceeds 1 km? in China [41].
Optical penetration depth over the continental shelf of the
China sea has been measured with remote sensing and vali-
dated by on-site measurements for accuracy assessment [42].

In this special collection, a total of 7 papers on different
aspects of environmental changes of China were included.
They cover changes in time of China’s urbanization, wet-
land, soil moisture, forest leaf area index, vegetation green-
ness, nitrate oxide and ozone. Their content and significance
are briefly introduced below.

Construction material consumption exceeds half of the
world production in the 21st century and this trend is likely
to continue until 2030 [43]. A significant portion of the
construction materials has been used in urban development
and transportation. China’s urbanization improved citizen’s
life but at the same time caused congestion and increased
effect of urban heat island [44], increased air pollution that
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threatens citizen’s health [45,46], increased heavy metal
concentration in soils and degraded soil quality [47]. There-
fore, how to urbanize in China has become the focus of the
society [48]. However, what is the rate and spatial distribu-
tion of China’s urbanization during the past 2 decades, par-
ticularly the first 10 years of the 21st century remains to be
answered. Wang et al. [49] interpreted urban areas using
satellite data in circa 1990, 2000, and 2010 for all 663 cities
in China including Hong Kong, Marco and those in Taiwan.
This reveals the speed of urbanization, loss of agricultural
lands, land use efficiency per unit gross domestic produc-
tion, and population density of unit urbanized area during
the past 2 decades over the entire China. This data set pro-
vides unique information on China’s urban expansion. For
urban planners and administrators, this new data set, inde-
pendent of reported data through a bottom-up statistics, can
provide relatively objective new evidence on China’s urban
development.

Along the line of wetland mapping, Niu et al. [50] not
only extended the manual interpretation of wetland from
satellite images to circa 1978 and 2008 based on earlier
mapping of 1990 and 2000, but also did field visits over 10
areas of China in 2008 and 2009 to increase field data in
support of the manual interpretation of satellite images. Ad-
ditionally, a large amount of consistency checking has been
done by overlaying all 4-time wetland maps to reduce un-
certainties. As a result, a wetland dataset spanning over
1978-2008 in circa 1978, 1990, 2000, and 2008 was com-
pleted with consistent quality control. Wetland changes in
this period have been obtained by comparing the wetland
maps from consecutive times. In 1992, China joined the
Ramsar international convention on wetland protection.
Soon a large number of wetland protection areas have been
established. The wetland change data set enabled the as-
sessment of protection efficacy of 91 national wetland re-
serves [51].

The per capita fresh water resource in China is far below
the world average. Although there is severe lack of fresh-
water in Northern China, the center of agricultural produc-
tion has been migrating northward in the past 20 years [52].
The frequent draughts in recent years in China constitute
severe threats to the food security, ecological security and
even national security of China. Although China has in-
stalled a large number of water gauge stations and soil
moisture stations, it is not possible to reflect the spatial-
temporal variation of soil moisture over China. Lu and Shi
[53] compared three sets of monthly average soil moisture
data from 2003 to 2010 over entire China derived from the
same set of microwave radiometry data with three different
algorithms. The spatial resolution is 25 km. By normalizing
the three sets of data and ensemble analysis, they developed
an integrated set of soil moisture data. Compared with pre-
cipitation data, soil moisture data reflects the actual soil
water availability over the top layer of the soil and it is the
result of water redistribution following hydrological cycling
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and modification by terrain and surface vegetation. It is
more closely related to vegetation growth. A linear fit to the
temporal profile of the soil moisture data indicate the trend
of surface water towards dry (decrease) or humid (increase).
This trend overlaid with surface temperature trend allows
the determination of water and energy trend of an area. An
area becoming wetter and warmer would definitely increase
the land productivity. In arid regions where water is the
determining factor of plant growth, a wetter trend combined
with gentle decline of temperature would also increase land
productivity. A drier soil is generally unfavorable to land
productivity. Their results indicate that in the eastern region
dominated by grain production, southern China is experi-
encing a drying and warming trend over the 2003-2010
period, while northern China is experiencing a drying and
cooling trend, neither is favorable to agricultural productivity.

There exists a positive correlation between vegetation
growth and vegetation indices derived from satellite data.
Vegetation indices are often used to derive leaf area index,
as well as NPP. In relatively dry area, the crop closure is
highly correlated to vegetation indices, and thus is related to
the greenness of such a region. Therefore, sometimes, veg-
etation index is considered as a proxy to greenness. Many
studies used vegetation index to analyze vegetation growth
in various regions of China, but those mostly used data be-
fore 2003. Liu and Gong [54] used 500 m resolution vegeta-
tion index data derived from Moderate Resolution Imaging
Spectrometer (MODIS) data for the growing season of 2000
and 2010. An 11 year trend analysis indicates overall China
is greener during this period. Desert areas have a shrinking
trend. However, greenness over some agricultural areas in
eastern China is experiencing a decline possibly due to ur-
ban expansion [49].

Leaf area index (LAI) is an important indicator of eco-
system status and ecosystem productivity. It is also the basis
for NPP estimation and carbon balance studies. Methods for
estimating LAI from remotely sensed data evolved from
establishing empirical statistical relations with LAI [55] to
inversion of radiative transfer models. By inverting a spe-
cific radiative transfer model — 4-scale geometric optical
model [56] and inverting leaf clumping from remotely
sensed data [57], Liu et al. [58] derived forest LAI for the
entire China based on 500 m resolution MODIS data during
2000-2010. Based on validation over 6 typical forest eco-
systems in China, their resultant R* ranges from 0.69 and
0.80. This is the highest resolution, most reliable long term
forest LAI data product for entire China. Trend analysis
2000-2010 indicates that except western China, part of
Zhejiang, Fujian and Guangdong provinces, forest LAI over
the majority of China is increasing. Low temperature, high
cloudiness, high temperature and drought are the primary
reasons for the relatively low annual average forest LAI in
2001 and 2009.

The atmospheric condition in China is deteriorating as
the economic growth. Recently, more attention has been
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paid to remote sensing observation of atmospheric condi-
tions as a new type of technology [59-64]. Zhang et al. [65]
collected nitrate oxide concentration data product calculated
from satellite remote sensing for the atmospheric columns
over China for 1996-2010. Change analysis indicates that
an increasing trend of nitrate oxide concentration is observed
not only over large municipalities but also over medium
sized cities. The high concentration regions tend to merge
with time going forward to form bigger and bigger regions.
Newly emerged high concentration areas exceed far beyond
the state planned key pollution control areas. This new dis-
covery provides important new information for the Ministry
of Environment in their atmospheric pollution control poli-
cy development. Nitrate oxide is the precursor of surface air
pollutant ozone. Shen and Wang [66] collected monthly
average ozone concentration data product derived from the
Tropospheric Emission Spectrometer data on board of Aura
satellite from 2005 to 2010. They investigated changes in
ozone concentration at three different heights in the tropo-
sphere over Northern and Southern China and two heights
over western China. They found seasonal differences in
ozone concentration trends. Ozone concentration is increas-
ing in western China and particularly Northern China. The
change in southern China is slow and near surface ozone
concentration is even decreasing. These differences derived
from satellite remote sensing have important implication in
better understanding of the spatial temporal distribution of
ozone in the troposphere and the causes of ozone formation.

Although the data used and the application purpose may
be different, data and results among several papers in this
special collection can be used for comparison and validation
purposes. An analysis of weather stations over China indi-
cate that during 2000 and 2010, most stations record an
warming trend while precipitation among half of the sta-
tions has a drying trends and half does not. From Figure 6 in
Liu and Gong [54] it can be seen that most weather stations
in Northern China have an increase trend in precipitation
while in most of Xinjiang, southeast of Tibet, Yunnan, hilly
regions of Southern China, Ningxia, Henan and southeast of
Inner Mongolia become drier. Although precipitation is re-
distributed following gravity and thus their spatial distribu-
tion cannot fully represent the actual water balance and thus
will not fully explain the growing condition of vegetation,
the Figure 4 in Liu et al. [58] indicates most of the wetter
areas estimated an increase trend in forest LAIL. The increase
in forest LAI is obvious in Heilongjiang, Northern Hebei,
Shaanxi, Shanxi, Hubei, Chongqing, Guizhou, Guangxi,
Hainan and Taiwan. This is also consistent with Figure 2 in
[54]. Because satellite data used in these two studies are the
same, it is understandable to reach these agreements. Recent
research report that the forest plantation has largely in-
creased in Jiangsu [67], but this cannot be detected from
either studies [54,58]. Because the resolution used in these
two studies [54,58] are 500 m, and the forest distribution
data used in [58] are based on global land cover mapping in



2798 Gong P Chin Sci Bull

2000 using satellite data at 1 km resolution, it is reasonable
that the relatively smaller land parcel and young plantation
in Jiangsu may not be detectable. The large scale aforesta-
tion in China is often reported in recent years but no spatial
distribution map is released from governmental sources.
Since the forest map produced from international sources
contain a large amount of uncertainty, China must have
more detailed forest map for research and policy making
purposes. Changes in the annual soil moisture distribution
trend in [53] based on microwave radiometer data obtained
in the period of 2003-2010 agree well with Figure 6 in [54].
However, the drier area is greater including the middle and
lower ranches of Yangtze River basin, eastern and northern
China. This covers the primary agricultural land in China.
The governmental report gives a continuing increase in
grain production between 2004 and 2011. In Figure 2 of [54]
the greening trend of the primary agricultural area can be
observed. Agricultural production in Northern China is pri-
marily relying on ground water. Since the between 2000 and
2010, the primary grain production area is becoming wetter
according to precipitation except Henan Province. Why this
is not identifiable from the microwave data [53]? If the for-
est LAI study [58] can be expanded into the agricultural
area, we would have another piece of information to inves-
tigate the agricultural productivity with remote sensing in
China. This question centering around whether the grain
production report from the government is trustable or not is
worth further studies. Only if we can further improve the
inversion accuracy of environmental variables, better under-
stand the climate, hydrological cycle and soil moisture dis-
tribution in China, can we better understand the driving
mechanism of the greenness trend in China. It is worth not-
ing that due to the relatively coarse spatial resolution in re-
motely sensed data used for large area mapping, validation
of inversion results is extremely difficult. Except validation
data from 6 study sites were used to validate forest LAI in
Liu et al. [58] no validation were undertaken in the remain-
ing studies in this special collection. This is a major short-
coming of these papers. Because the source data were ob-
tained from abroad, although the algorithms may be validated

August (2012) Vol.57 No.22

in other countries, the validity of these data needs to be fur-
ther investigated.

3 Perspectives

Based on the current status of global change in China, Xu et
al. [68] proposed a prioritized list of issues to be addressed
in future studies. These include the interaction of global
change and human activities, earth system models, earth
observation and economics issues of global change. A year
later, Xu et al. [69] call for the Chinese earth scientists to
use improved understanding of China to study the scientific
issues of the entire globe. They pointed out that Chinese
scientists should have a global vision, interdisciplinary and
quantitative skills and open to data sharing. All these are
relevant to the study of remote sensing of environmental
changes over China.

First, a research framework needs to be established to
deepen the development of methodology in environmental
change remote sensing. As in Figure 3, the purpose of ex-
perimental observation is to improve scientific understand-
ing of the phenomena under study. This is a frequently used
method in environmental change remote sensing. It is de-
sirable to form new theories from observation [70-72], or
through what we learnt from observational data to improve
technology [73]. However, in studies on environmental
change remote sensing, use of simulation and modeling
techniques is insufficient. Admittedly, errors could occur in
both observation [53,74-76] and modeling [77] but the
combination of observation and modeling results may often
lead to new understandings [78,79]. In addition, research
concerning the connection between results from environ-
mental change remote sensing and environmental policy is
rare. This needs to be strengthened. Papers in this special
collection have strong implication with environmental poli-
cy making and terrestrial planning [49,50,53,54,65].

Second, the application fields of environmental change
remote sensing should be further expanded. When Figure 1
and Table 1 are compared, we can find that many variables
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Environment policy

Impact assessment

Experiment and observation

A

> Simulation and prediction
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Figure 3 The methodology framework for environmental change remote sensing.
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are not studied over the entire Chinese territory. Using the
forest dominated environment as an example, species abun-
dance, forest age, alien species invasion, forested wetland,
and climate adaption are hardly studied in China. Water
pollution over China is another gap for remote sensing
studies. The most significant impact of environmental change
is public health. However, except for avian influenza, schis-
tosomiasis and malaria [80-83] there are few studies in-
volving remote sensing over China [84,85]. Atmospheric
pollution cause health damages not only to urban residents
but also to rural citizens [86]. However, huge gaps exist
over rural areas in environmental monitoring. Remote sens-
ing could play an indispensible role in atmospheric pollu-
tion monitoring in rural China. Among the many indicators
affecting food security in China, there is even not a total
cropland area statistics based on remote sensing. Many
studies must use the highly debatable figure of crop land
area provided in the governmental report [87].

Third, new information extraction algorithms need to be
developed for new applications. There is still room to fur-
ther improve algorithms for information extraction from
remotely sensed data, particularly over large areas. Remote
sensing data used for monitoring environmental changes
heavily rely on sources from polar orbit satellites. A single
path of polar orbit satellites can acquire a swath of 10 to
2400 km. Due to cloud cover and other atmospheric inter-
ference, it usually takes a long time to have a complete cov-
erage of useable data. The inconsistency in data acquisition
time, terrain effects and solar angles adds a considerable
amount of radiometric variation to certain targets of interest.
A large amount of radiometric calibration and geometric
correction needs to be done. Particularly for the new satel-
lites launched by China, new algorithms for radiometric and
geometric processing need to be developed and evaluated.
In addition, as different types of remotely sensed data are
becoming increasingly available, more research is need to
integrate, fuse and apply data from multiple sources so as to
reduce the uncertainty in extracted information [88]. Lastly,
algorithm development benefits from interdisciplinary re-
search. For example, as the data volume is becoming in-
creasingly large, new ways of efficient data processing may
be needed from the use of high performance computing.
This would clearly benefit from collaborating with high
performance computing specialists traditionally in the com-
puter science discipline.

Finally, a further step must be taken from emphasizing
on experimental test and technology development to striving
for practical use of various remote sensing technologies.
Operational use by end-users in the science community,
industries and governmental agencies should the ultimate
goal of environmental change remote sensing. We must be
able to provide scientific evidence when needed as exempli-
fied in [89] in solving a scientific dispute on the glacier re-
treat and advance in the Himalayas. There are a lot to do in the
field of remote sensing of China’s environmental changes.
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