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ABSTRACT / Many coastal regions in China are confronted
with pressing problems of scarce land resources and heavy
population. Over the past 30 years, considerable parts of
coastal tidelands have been enclosed and reclaimed for agri-
cultural land uses. To assess, plan, and implement large-scale
reclamation programs, up-to-date and reliable information
concerning the nature, areal extent, and physical and chemi-
cal characteristics of coastal saline lands is essential. This pa-
per reports a remote sensing approach to detecting coastal
saline land uses in Shangyu City, China, by using multi-tem-
poral Landsat images. First, with the aid of resolution-sharp-
ened Landsat-7 ETM+ images and their enhanced linear fea-

tures, a visual interpretation is applied to extract individual
dikes. Based on time series images and local government
records, a spatial zoning procedure is then used to define six
sub-zones with different historical years of reclamation. It
shows that a total of 15,668 ha of coastal saline lands were
enclosed and reclaimed from 1969 to 1996. Second, a modi-
fied land-use classification system for the study area is pre-
scribed, and both unsupervised and supervised classifiers are
performed for land-use classifications of grouped sub-zones.
Information obtained from the spatial zoning, Tasseled Cap
transformation and Normalized Difference Vegetation Index;, is
also utilized to facilitate the supervised classification process.
Finally, a detailed land-use map is produced, with an overall
classification accuracy of 77.8%. Results show that dominant
agricultural land uses of sub-zones are changed with historical
reclamation years, from saline lands with wildgrass (very re-
cently reclaimed) to aqua-farm ponds, to cotton fields, and to
paddy fields and orchards (very early reclaimed). This trans-
form process is primarily affected by soil salinities, and ac-
cording to a soil survey an electrical conductivity of saturation
extract decreased from 7.3 ds/m in the saline land reclaimed
in 1996 to below 2 ds/m in the land reclaimed before 1969.
The study concludes that multi-temporal remotely sensed im-
ages are important and effective data sources for monitoring
the rapid changes of coastal land uses.

Many costal regions in China are confronted with
challenging problems of limited land resources and
increasing population. For example, in Zhejiang Prov-
ince arable land per capita is 0.037 ha only, less than
50% of the national average. During the past 30 years,
a total of 400,000 ha tidelands (equivalent to 4.1% of
the total area of Zhejiang Province) have been enclosed
for agricultural land uses and urbanization buffer zones
under a series of reclamation programs. In Shangyu
City of Zhejiang Province, approximately 17,000 ha
coastal saline lands have been reclaimed, producing a
half of cottons, fruits, and aquatic products of the city.

To access, plan, and implement large-scale reclama-
tion programs, timely and reliable spatial information
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on the nature, area extent, and physical and chemical
characteristics of coastal saline lands is important.
Coastal land uses with different levels of reclamation
intensity and soil salinities need to be closely monitored
at an appropriate time interval. The recent develop-
ment of geospatial technologies, such as remote sens-
ing (RS) and geographic information systems (GIS),
can play an important role in such tasks of coastal
management (Mumby and others 1995). Modern re-
mote sensing approaches have advantages over conven-
tional field survey techniques, which are laborious and
costly. Time series remotely sensed images with a me-
dium spatial resolution are ideal data sources for map-
ping coastal land uses and monitoring their changes for
a large area. For example, the Landsat-7 Enhanced
Thematic Mapper Plus (ETM+) sensor extends capa-
bilities of the Landsat TM by providing a 15 m resolu-
tion panchromatic band, and by allowing accurate
(£5%) radiometric calibration on-board. As a supple-
ment to previous Landsat data, this new image source
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Figure 1. Location of the study area.

(available since 1999) would widen applications of re-
mote sensing in coastal land uses and other natural
resources management.

While remote sensing approaches have been used to
map different agricultural land uses (Hill and Megier
1988, Wheeler and others 1988, Salem and others 1995,
El-Khattib and others 1996), very few studies apply
multi-temporal Landsat images to monitor agricultural
land-use changes (Hill and Megier 1989, Pax-Lenney
and Woodcock 1997, Goetz and others 2000). Further-
more, previous studies mainly focused on inland salt-
effected lands (Dwivedi and Rao 1992, Kalra and Joshi
1996, Peng 1998), and little work has been reported on
coastal agricultural land uses that have been reclaimed
for many decades. This paper uses multi-temporal
Landsat images to classify coastal land uses, primarily
agricultural land uses, and to monitor their changes in
relation to soil salinity levels. Two specific objectives
are: (1) to extract dykes built over past 30 years and
estimate areal changes of reclaimed coastal lands with
multi-temporal Landsat MSS, TM, and ETM+ images;
and (2) to classify current coastal land uses and moni-
tor their changes in various reclaimed sub-zones, using
multi-seasonal TM and ETM+ images.

Study Area and Data Sources

The study area is a northern part of Shangyu City,
and situated at the south shore of Hangzhou Gulf
(Figure 1). It covers approximately 26,061 ha, bounded
by latitudes 30°04'00"N and 30°13'47"N, and longi-
tudes 120°38'32"E and 120°51'53"E. The area belongs
to a subtropical region with evergreen broad-leaved
vegetation, an average annual temperature of 16.5°C,
and an average annual precipitation of 1300 mm. Main
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Table 1. Alist of Landsat images

Date Landsat images

29/10/1973 MSS, RGB 4/5/7 Photo
5/7/1978 MSS, RGB 4/5/7 Photo
4/8/1984 TM, RGB 2/3/4 Photo
8/3/1990 TM, RGB 3/4/7 Photo
23/7/1991 TM image
5/11/1994 TM image
1/10/1999 TM image
3/11/1999 ETM+ image
4/5/2000 ETM+ image

soils are formed by modern marine and fluviatile de-
posit matters. Soil textures are light loam or sandy
loam, with high concentrations of Na- and Mg-salts
(>1%). A soil electrical conductivity of saturation ex-
tract, which is a very important index of assessing soil
salinity (Rhoades and Miyamoto 1990), ranges from
less than 2 ds/m (1m depth profile) in early reclaimed
saline soils to 7.3 ds/m in recently reclaimed saline
soils.

A series of Landsat images from 1973 to 2000, in-
cluding Landsat MSS, TM, and ETM+ images, were
acquired (Table 1). Ground reference data of various
land-use types for image interpretation were collected
by field investigations. During samplings of typical
plants and saline soils at different sites, a portable GPS
device was employed to determine sample locations. A
topographical map with the scale of 1:10,000, from the
Bureau of Surveying and Mapping of Zhejiang Prov-
ince, was also available. Imagine 8.4 (an image process-
ing program) and Arc/Info 8.0.2 (a vector-based GIS
program) were used to analyze remotely sensed images
and GIS data layers.

Methodology

An image analysis methodology employed in the
study is shown in Figure 2, including three major steps:
(1) image preprocessing, (2) dyke extraction and spa-
tial zoning, and (3) image classification of different
land uses.

Image Preprocessing

In order to geometrically correct digital Landsat
images, a third order polynomial method was applied.
Ten distinguishable ground control points (e.g., inter-
sections of dykes and/or roads) were selected from the
topographical map. After correction, a mean squared
error (MSE) was 9.8 m.

Landsat 7 ETM+ images include a panchromatic
band with a spatial resolution of 15 m and six multi-
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classification.

spectral bands with a spatial resolution of 30 m. To fully
use the best characteristics of both higher resolution
and spectral information, the above two types of images
can be fused to derive new multispectral images yet with
a spatial resolution of 15 m. In this study, a procedure
called the forward-reverse principal components trans-
formation (ERADS 1999) was implemented to achieve
image mergers. Resolution-sharpened images were
then produced, ready for the use of next processing
steps.

Dyke Extraction and Spatial Zoning

A set of resolution-sharpened multispectral images
derived from the 4 May 2000 ETM+ image was utilized
to assist dyke features. First, several linear enhancement
methods, including edge filter and texture analysis,
were tested (ERADS 1999). It was indicated that the
texture analysis of variance operator with a 5 pixel X 5
pixel window produced the best discrimination of lin-
ear features. Then, a visual interpretation was followed
to extract individual dykes. With the aid of time series
images (Table 1) and local governmental records, the
years of dykes constructed and associated reclamation
zones can be effectively identified, producing a histor-
ical reclamation map in Figure 3.

From Figure 3, it can be estimated that a total of
5,637 ha of reclaimed lands already existed before
1969. Since 1969, reclamation programs have been con-
tinuously practiced, with rapidly growing reclaimed ar-
eas (Table 2). For example, a total of 3,698 ha and
4,087 ha were developed in 1976 and in 1996, respec-
tively. From 1969 to 1996, a total of 15,668 ha coastal

Figure 3. Dykes and reclaimed areas in different years.

lands had been enclosed and reclaimed, almost three
times of the reclaimed area before 1969. These re-
claimed lands have been used to alleviate the pressure
from ever-increasing population and to promote local
economic developments.

Complex soil characteristics and a variety of land
covers exist for the reclaimed lands. Based on the rec-
lamation years, locations, and sampled land covers, the
study area was grouped into six sub-zones: (a) Zone 0,
located outside of the reclaimed areas and dominated
by tidelands and rivers; (b) Zone 1, reclaimed before
1969; (c) Zone 2, reclaimed between 1969 and 1981;
(d) Zone 3, reclaimed between 1981 and 1991; (e)
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Before

Reclamation years 1969 1969 1970 1971 1974

1975 1976 1977 1981 1984 1991 1994 1996

Reclaimed areas (ha) 5637 284 565 472 542

Cumulative percentage 26 28 30 33
of areas (%)

271 3698 1495 1601 747 1269 637 4087
36 54 61 68 72 78 81 100
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Figure 4. Sub-zones of the study area.

Zone 4, reclaimed between 1991 and 1996; and (f)
Zone b, reclaimed after 1996 (Figure 4). Conducting
such a zoning procedure enables subsequent compari-
sons of different land uses between zones. Also, for
individual zones different image classifiers could be
employed to reduce the following land-use misclassifi-
cation because the zoning concept allows a locally adap-
tive determination of class parameters in the classifica-
tion, rather than a uniform treatment for an entire
study area. For example, it is usually difficult to separate
areas with barren saline lands with scattered low-density
wildgrass and towns due to their similar spectral reflec-
tance. Because newly reclaimed lands (e.g., Zone 5) are
the areas with most likely barren saline soils and early
reclaimed areas (e.g., from Zone 1 to Zone 4) would
have built-up towns, classification for the zoned areas
with distinct land covers can be specifically targeted
using desirable methods (Figure 4).

Classification

A modified land-use classification system was pro-
posed with reference to the classic land-cover and land-
use classification system from Anderson and others
(1976) (Table 3). The modified system is designed for
the classification of coastal lands in the study area,
although other systems could also be defined applica-
ble to different study regions.

Table 3. A modified land-use classification system

Level 1 Level II Level III
100 Town or 110 Residential
built-up 120 Industrial or open
land
130 Road and dyke
200 210 Cropland 211 Cotton field
Agriculture 212 Paddy field
213 Mixed field
220 Orchard
300 Forest
land
400 Water 410 River and gulf
420 Canal and pond
430 Aqua-farm pond
500 Barren 510 Tideland
land
520 Saline land with
wildgrass
530 Non-vegetated saline
land

Before carrying out classification, two main crop-
ping systems are investigated for the study area: (1)
cotton, and barley or wheat in cotton fields—a planting
period for cotton is from late April (spring) to early
November (autumn), and barley or wheat is planted in
fallow cotton fields in winter and early spring; and (2)
paddy, and rape (Brassica Napus) in paddy fields—the
planting period for paddy is from early May to late
October, and rape is planted in fallow paddy fields in
winter and early spring. As crops grow with seasonal
and annual phenological cycles, images captured at
different seasonal dates can highlight seasonal pheno-
logical differences and cropping systems at different
seasons could be perceived.

Two classification methods were adopted for differ-
ent zoned areas (Figure 2). For Zone 0 and Zone 5, an
unsupervised ISODATA classifier was conducted with
resolution-sharpened images (4 May 2000). From Zone
1 to Zone 4, a supervised maximum likelihood (ML)
classifier was applied with derived images from the
following two spectral processing methods: Tasseled
Cap transformation and vegetation indices. These two
methods are often used for spectral feature extraction
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Figure 5. NDVI of paddy and cotton fields at different sea-
sonal dates.

and data reduction with multitemporal images, and
their derived images can be very useful for monitoring
the characteristics of crops and vegetation (e.g., Rich-
ards 1994).

Tasseled Cap transformation is a linear transforma-
tion, and the first three features derived from Landsat
TM images are known as brightness, greenness, and
wetness. These three features, which have physical sig-
nificance, can typically express 95% or more of the total
variability of the original images (Crist and Kauth
1986). In this study, Tasseled Cap transformations were
performed with the images at three different dates (1
October 1999, 3 November 1999, 4 May 2000), and for
each image the first two features (i.e., brightness and
greenness) were extracted.

At wavelengths from 0.63 to 0.69 wm (visible red
band) the chlorophyll pigment of healthy green vege-
tation strongly absorbs sun radiation, and at wave-
lengths from 0.76 to 0.90 pm (near-infrared band)
multiple scattering occurs due to the leaf’s internal
mesophll structures. Because these two bands are
closely related to the amount of vegetation biomass,
they are very useful for vegetation discrimination and
crop identification (Jensen 1996). In this regard, vari-
ous vegetation indices, such as a Normalized Difference
Vegetation Index (NDVI), are often used. With TM
images, NDVI can be calculated by (NIRpyy — Rpys)/
(NIRyvs + Rpnms), where NIRp ., and Rpys are the
digital number (DN) of TM band 4 (near-infrared
band) and band 3 (red band), respectively. For those
sampled paddy and cotton fields, their NDVI values
were —0.03 and 0.13 from the image dated 3 November
1999, dropping greatly from those with the 1 October
1999 image (Figure 5). These changes reflected the fact
that, for the study area, paddy was harvested just before
3 November yet after 1 November, with rare vegetation

cover and/or young rapes in paddy fields; from Octo-
ber to November cotton approached harvest period,
with decreasing and little green leafs. On the other
hand, using the image of 4 May 2000 NDVI values for
paddy and cotton fields were 0.17 and —0.1, respec-
tively. These showed different trends in comparison to
the NDVI values from the image on 3 November 1999.
This is because paddy was planted again with medium-
density green coverage early May, while young cotton
just planted late April had low-density green leafs (pre-
dominantly soil surfaces). Multitemporal images on
crops at a growing season and in a leaf-less period can
be used to enhance the seasonal phenological differ-
ences, thus increase discrimination abilities for various
crops. In a sense, from the change of NDVI values
images collected at spring and fall dates were particu-
larly useful for suggesting cropping rotation systems
and discriminating crop types.

Finally, a total of nine derived images (i.e., bright-
ness, greenness and NDVI at three different dates) were
input to the ML classifier for land-use classifications
from Zone 1 to Zone 4.

Results

The classified image is shown in Figure 6, and an
error matrix for accuracy assessment is shown in Table
4. Reference data are in columns representing ground-
truth samples collected by field investigation, and clas-
sified land-use classes are in rows. Both user’s accuracy
and product’s accuracy of each land-use type can be
calculated. In this study, an overall classification accu-
racy of 77.8% was achieved. Among all classified land-
use types, waters had the highest user’s accuracy
(97.4%), followed by barren lands and croplands
(equal or larger than 80%). However, the user’s accu-
racy for orchards and forest lands were lower, being
74.5% and 62.5%, respectively. Since it is popular to
have various family vegetables scattered in vineyards
and pear yards, their mixed spectral signatures reduced
the classification accuracy for orchards. For many forest
lands located along dykes and roads as green ecological
belts, their narrow and sometimes fragmentary spatial
distributions caused very low classification accuracy.
Also, in subtropical regions temporal signatures of most
even-green trees are less significant than those of crop-
lands, and this fact partially weakens the approach to
correctly classify forest lands.

Table b summarizes areas of classified land uses in
different sub-zones. Agricultural lands, including crop-
lands and orchards, occupy 44.4% of the whole study
area. If aqua-farm ponds and forest lands are included,
up to 63% of an entire study area was used for agricul-
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Figure 6. Classified land-use map.

tural production and forest. Figure 7 shows the percent-
ages of cotton fields, paddy fields, orchards, forest
lands, aqua-farm ponds, and saline lands with wildgrass,
in individual sub-zones. Compositions of land uses in
each zone were different and related to the historical
reclamation years. For example, Zone 5 (reclaimed in
1996) is dominated by saline lands with wildgrass
(29.1%) and aqua-farm ponds (26.7%); Zone 3 (re-
claimed between 1981 and 1991) is mainly covered by
aqua-farm ponds (30.2%) and cotton fields (20.5%);
Zone 1 (reclaimed before 1969) is dominated by paddy
fields (85.0%) and orchards (16.4%). Land uses for
agricultural production are changing from simple sa-
line lands with wildgrass (Zone 5) to aqua-farm ponds
and cotton fields (Zone 4 and Zone 3), to cotton fields
and aqua-farm ponds (Zone 2), to paddy fields and
orchards (Zone 1) (Table 6).

It is found that the above evolution of land uses
resulted from the level of soil salinity in individual
zones. Soil analyses indicated that a soil electrical con-

ductivity of saturation extract increased from below 2.0
ds/m in early reclaimed saline lands (Zone 1) to 7.3
ds/m in recently reclaimed saline lands (Zone 5). Ac-
cording to Rhoades and Miyamoto (1990), salinity
thresholds for paddy and cotton plantation are 3.0
ds/m and 7.7 ds/m, respectively. Therefore, paddy can-
not be planted in lands with high salinity levels, such as
Zone 5. In fact, for the study area a large portion of
paddy plantation was in Zone 1, which was reclaimed
for 30 years. An average salinity level in Zone 4 was 3.4
ds/m, suitable for cotton plantation. Due to the higher
levels of soil salinity and low cultivation yield in newly
reclaimed zones, farmers tend to develop aqua-farm
ponds in Zone 5, Zone 4, and Zone 3 for better eco-
nomic returns.

Discussion

Although a series of vegetation-specific feature im-
ages derived from multi-temporal images were used for
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Table 4. An error matrix with the classified land use map and reference data

Reference data

Land uses 211 212 213 220 300 430 520 530 Total User’s accuracy (%)
Classified data

211 56 5 6 1 1 0 1 0 70 80.0

212 4 54 4 1 0 0 0 0 63 85.7

213 5 3 63 3 3 1 0 0 78 80.8

220 2 1 4 35 5 0 0 0 47 74.5

300 1 1 4 6 20 0 0 0 32 62.5

430 0 0 0 0 0 38 0 1 39 97.4

520 1 0 1 0 1 1 23 1 28 82.1

530 0 0 0 0 0 3 1 27 31 87.1
Others® 2 1 2 6 3 2 0 2 18 —
Total 71 65 84 52 33 45 25 31 406
Producer’s Accuracy  80.3  83.1 75.0 673 601 844 920 871 — Overall accuracy = 77.8%

(%)
“Others include towns or built-up, rivers and gulfs, canals and ponds, and tidelands.
Table 5. Areas of different land uses of sub-zones and an entire study area (ha)
Land use type Zone 0 Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Entire area
110 Residential — 514.21 54.73 29.81 — — 598.76
120 Industrial or open land — 171.14 327.63 168.11 133.71 53.37 853.96
130 Road and dyke — 10.95 300.65 162.25 112.89 258.59 845.33
211 Cotton field — 293.12 2157.23 484.01 601.79 88.65 3624.80
212 Paddy field — 2020.88 488.41 78.68 32.55 16.91 2637.42
213 Mixed field — 1054.91 1334.94 361.74 206.72 62.46 3020.76
220 Orchard — 945.44 989.52 176.91 108.00 66.76 2286.63
300 Forest land — 533.56 466.22 102.82 49.95 27.17 1179.73
410 River and gulf 2919.07 — — — — — 2919.07
420 Canal and pond — 103.12 242.59 85.72 60.89 438.94 931.26
430 Aqua-farm pond — 128.24 1082.77 715.26 620.26 1121.77 3668.30
510 Tideland 1427.41 — — — — — 1427.41
520 Saline land with wildgrass — — — — — 847.14 847.14
530 Non-vegetated saline land — — — — — 1221.05 1221.05
Total 4346.48 5775.57 7444.68 2365.32 1926.75 4202.81 26061.61

the supervised land-use classification, a moderate accu-
racy of 77.8% was achieved. This is in part caused by the
small patchy structures of underlying lands, which are
spatially over-fragmented. According to Statistic Bureau
of Zhejiang Province (1999), in the study area each
household has an overage of 0.17 ha farmlands, and the
average size of each land plotis 0.097 ha. Adjacency two
plots are usually separated by low banks of earth and/or
irrigation ditches (Hu 1997). Considering that the
pixel area of TM multispectral imagery with a spatial
resolution of 30 m is 0.09 ha, a small land plot with an
area less than a pixel could not be well represented in
the images, and are infeasible to be classified. Many
pixels with mixed land covers contribute to the diffi-
culty of producing good classification accuracy.
Nevertheless, time series Landsat TM images for
detecting coastal land uses and monitoring their

changes are of practical use. For example, the new
Landsat-7 ETM+ imagery has its advantages with an
acceptable cost, a 15 m resolution panchromatic band,
multispectral bands, and relatively short revisit period
(16 days). An ETM+ scene costs US $610, covering an
area of 31,450 sq km. By comparison, an aerial photo-
graph at a 1:10,000 scale would cost US $30 per sq km,
and IKONOS GEO images would cost US $35 per sq km
in a panchromatic band with 1 m resolution, or multi-
spectral bands with 4 m resolution. In spite of the very
high spatial resolution of these images, higher costs
hinder their wider agricultural applications, particu-
larly when a large area is concerned.

Landsat images can be used to produce maps with
large scales, either in a direct printing output or during
land-use mapping. It is reported that a printed Landsat
image with a printing resolution of 6 pixels per milli-
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Zone 1

(1211 Cotton field
£ 220 Orchard
# 300 Forest land

Figure 7. Percentages of main land uses in different sub-zones.

Zone 4 Zone 5

Zone 3

#2212 Paddy field
B3 430 Aqua-farm pond

1520 Saline lands with wildgrass

Table 6. Agricultural land-use changes between sub-zones

Sub-zone Zone 5 Zone 4 Zone 3 Zone 2 Zone 1
Main land uses (area Saline land with wildgrass ~ Aqua-farm pond  Aquafarm pond  Cotton field Paddy field
percentage > 10%)  Aqua-farm pond Cotton field Cotton field Aqua-farm pond  Orchard

Orchard

meter can provide an acceptable quality for image fea-
tures (Light 1990). Using the printing criterion of 5
pixels per millimeter adopted in China, a resolution-
sharpened ETM+ imagery (i.e., with a resolution of
15 m) should produce a printed photographic sheet at
a scale of 1:90,000. During the land-use mapping, clas-
sified images are subject to a raster-to-vector conversion
and spatial generalizations dependent upon a mini-
mum mapping unit (MMU), and areas smaller than the
MMU are removed. The area of a typical MMU for
land-use mapping at a 1:50,000-scale in China is 0.25 ha
(Shen 1991),
ETM+ imagery with a pixel area of 0.0215 ha can meet

and therefore resolution-sharpened
the requirement of land-use mapping at a scale of
1:50,000. This scale is commonly used for producing
base maps (e.g., land uses) in agricultural applications
in China.

This study takes advantages of the available Landsat
images, particularly the recent Landsat-7 ETM+ im-
ages. The acquisition of satellite-based remotely sensed
images for subtropical coastal regions in China is often
hampered by adverse atmospheric conditions, such as
heavy cloud covers. According to historical climatic
records of Zhejiang Province between 1960 and 1990,
the average number of dates each year with cloud

covers less than 20% is 59. With the revisit cycle of 16
days for Landsat, only three or four images with an
acceptable quality can be received each year for the
study area; in over-raining years (e.g., 1996), only one
valid image can be acquired.

Conclusions

Coastal lands reclaimed in the past are characterized
by substantial variations in soil compositions, and a
variety of land covers. Obtaining synoptic, up-to-date,
and reliable spatial information of coastal land uses and
their dynamic changes, combined with holistic and ef-
fective management measures, is critical to the sustain-
able development of coastal regions. In this study,
multi-temporal Landsat images offered a unique oppor-
tunity to detect coastal land-use and monitor their
changes in a cost-effective way. Not only do the time
series images facilitate the delineation of the expand-
ing areas of reclaimed coastal lands over the years, but
they enable the classification of detailed land uses. It
was found that the land uses in different historically-
reclaimed zones are determined by soil salinity levels.
While significant coastal tidelands have been reclaimed
for cultivation in the past 30 years to alleviate the
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pressure from the population growth and promote lo-
cal economic developments, the impact of reclamation
programs on the marine ecology in the tidelands of
Hangzhou Gulf deserves attention. Future research on
tidelands-sea interactions and their changes, with re-
motely sensed images and field investigations, would be
pursued.
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