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ABSTRACT

The purpose of this study is to study the evolution of urban land use in Tianjin, predict the future
evolution trend of urban land use in Tianjin, and further understand the development of urban
planning in China. Firstly, the extensive application of remote sensing image technology and its
role in the study of urban scale development are expounded. Then, the paper studies the conno-
tation of the basic ecological water demand in the river channel, discusses the hydraulics method
to calculate the ecological water demand in the river channel, especially the theory of wet-cycle
method. Finally, the temporal and spatial evolution of urban land use in Tianjin is qualitatively and
quantitatively studied. The results show that the RS technology can be used to study the spatio-
temporal evolution of urban land use in Tianjin, and the specific situation of urban land use in
different periods can be accurately understood. The results show that remote sensing technology can
effectively map the specific situation of urban land use. This exploration provides a new perspective
and anew method for the study of urban land use change, provides a guarantee for the in-depth study
of urban planning and urban and rural planning, and provides a reference for future related studies.
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1. Introduction

As the rapid development of China’s economy and
the continuous improvement of urbanization, the speed
of urbanization has risen from 39.1% at the end of 2002 to
51.27% at the end of 2011. The continuous increase of urban
land use and the continuous expansion of urban areas have
an inevitable contradiction with the reduction of arable land
in China. Since 2009, the Ministry of land and resources
proposed “1.8 billion mu (1.20 trillion m?) of the arable land
red line” to further reduce the urban expansion land, so the
fine research of urban land use has been put on the agenda
gradually [1,2].

Urbanization is the process of urban extension and
the form of urban development in “quantity”. The expres-
sion of urbanization in Records of the Historian is the

expansion of urban land scale, and the interaction between
urban land use and urban development, and the promo-
tion between each other. On the other hand, the increase of
urban land area makes the development of urban economy
and commerce further change, and further attract investment
and population inflow, making the cluster effect of urban-
ization more obvious, which further ensures the sound and
sustainable development of the city [3,4]. Tianjin, referred
to as “Jin”, is also known as “Jinmen”, which is the provin-
cial administrative unit of the state and also a municipality
directly under the central government. By 2019, there are
17 districts as well as 245 streets and towns in Tianjin, with
a total area of 11,966.45 km?, including central city, ring city
district, Binhai new area and suburban area. The permanent
population reaches 156,000, of which the urban population
is 130,000 [5], and the urbanization rate reaches 83.49%.
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Remote sensing image (RS) technology is the use of
aerial photography and satellite photography means to
record ground objects and terrain. The RS processed by
computer needs to be a digital image, and the analog image
obtained by photography needs to be converted into the dig-
ital image by image scanning and conversion. Traditional
aerial photography uses the optical lens and photosensi-
tive film to record the influence of things, while new digital
photography uses photosensitive elements for photoelectric
signal conversion to record the image of things. Using RS
technology to study the change of city can clearly understand
the change and change scale of each region of the city, and
improve the efficiency and effect of urban management,
so as to promote the healthy development of the city [6,7].

Water demand of ecological environment is the core
of dealing with the relationship between human and ecol-
ogy. For a long time, people’s economic development,
industrialization and urbanization progress, in the alloca-
tion of water resources in the industrial and agricultural
water, seriously disturbed the ecosystem, causing different
degrees of damage to the ecosystem [8]. As a result, natural
vegetation decline, river shrinkage, biodiversity destruc-
tion, rare animals and plants extinction, land desertification,
soil erosion, surface and underground water pollution,
riverbed siltation, flood and waterlogging disaster and
groundwater area overexploitation are serious ecological
consequences. Therefore, we should protect the ecological
environment, rationally use the limited water resources,
and realize the sustainable development of human exis-
tence and economic society.

2. RS technology applied to spatiotemporal
evolution of urban land

2.1. RS technology

Remote sensing, as the name suggests, it is the “remote
perception”. It is a theory, method and application of sci-
ence and technology, which means the use of different
sensors mounted on various mobile/stationary platforms
to detect the electromagnetic radiation and reflection char-
acteristics of target objects, and simultaneous interpret-
ing the properties and states of target objects according
to their characteristics [9,10]. Remote sensing platform
includes different satellites, airplanes, balloons and vari-
ous ground moving equipment. Generally, the RS technol-
ogy system consists of three parts.

* Data acquisition refers to the process of recording the
electromagnetic wave characteristics of the target object
by using various sensors.

* Data processing refers to the use of optical instruments
and computer equipment to correct and analyze the
acquired remote sensing data, master or clear the errors
in the original remote sensing data, and try to restore
the original features of the object to be detected, so as to
meet the needs of further application.

* Remote sensing application refers to the application pro-
cess of remote sensing data in various business fields
according to different application objectives of different
industries or professionals. The application of remote

sensing has been gradually promoted from military
and scientific research fields to all aspects of social and
economic life, such as military, agricultural monitor-
ing and production estimation, geological and mineral
exploration, natural resources survey, map mapping,
environmental monitoring and urban construction and
management [11].

2.2. Concept of urban land and RS identification of the urban
built-up area

Urban land refers to the general name of the land with
certain use and function in the urban planning area, which
is used to maintain the normal function of the city and the
demand for construction. The construction activities of
urban facilities such as factories, houses, supermarkets and
hospitals in cities are all based on the bearing capacity of
the land, and the organic operation of the city as a whole
can be guaranteed only after all types of land have been
strictly planned. The attributes of urban land are divided
into four categories: natural attribute, social attribute,
economic attribute and legal attribute [12]. Table 1 shows
the specific classification of urban land.

The spectral characteristics of high resolution RS in
the built-up area are as follows.

* Most buildings and streets in urban construction area
are cement or brick tile surface, which are mostly sili-
cate structures and have impermeable characteristics.
Therefore, the spectral characteristics of the buildings
are the same or similar under the detection of remote
sensing electromagnetic wave.

* The urban area is characterized by the large gray level
change and the change rate of the image, and the gray
level of the adjacent pixels in the city is obvious because
of the surface treatment of the buildings. Outside the
urban area, the RS change and its rate of change are
small because there are mainly fields and a small number
of houses.

* The edge of urban buildings is mostly short lines, and
because of the wide range of remote sensing, the image
size is several pixels. In the image of urban buildings,
two peaks appear in the histogram direction of short line,
and the phase difference between the two peaks is about
90 degrees [13].

2.3. RS technology for urban land boundary extraction
2.3.1. Extraction of RS in the boundary area

Fig. 1 is the main flow of extraction.

The preprocessing process of RS includes geometric cor-
rection, image registration, image mosaic, RS cutting, image
fusion, image band combination, image enhancement and
so on.

¢ Geometric correction: it includes rough correction and
precise correction. Under normal circumstances, the sat-
ellite remote sensing data obtained by the ground station
has passed the geometric rough correction. Therefore, the
image needs to be recovered to obtain the original shape
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Table 1
Specific classification of urban land
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Purpose Code data  Concrete content
Residence R Construction of housing, public service facilities, residential roads, residential greening
Public facilities C Official office, non-official office, public welfare organization office, commercial and financial
work office, cultural and recreational facilities and places, hospitals, schools, research
institutes, design institutes, cultural relics and historic sites protection
Industry M It can be divided into three types: type 1, type 2 and type 3 industrial land.
Storage W General goods storage, dangerous goods storage, open storage, open or semi open storage
External T Railway freight transportation, highway freight transportation, pipeline transportation,
transportation port freight transportation and airport freight transportation
Inner road and S Urban roads, squares, social parking lots and social parking garages
square
Municipal and 8] Water supply, gas supply and heating facilities, transportation facilities, post and
public facilities telecommunications facilities, environmental cleaning facilities, sanitation facilities,
construction and maintenance facilities, funeral services and cemeteries, and other
municipal engineering facilities
Green land G Public greening and production protection greening
Special D Military facilities, foreign affairs facilities, security facilities
Water and E Rivers and lakes, arable land needs to be irrigated, garden land, woodland, pasture land,
agriculture village and town construction land
Geometric Administr
Data .. . . correction ative Geometric Image repair
. |Civil engineering plan . .
preprocessing and office correction and cropping
registration chart
Detection band Lon':al image
P brightness Image Urban
The data combination enhancement — Image formation —— bounda
processing Image spectral classification . . y
. and classification extraction
analysis L
combination
Data pqst- Multilayer image Trend analysis
processing overlay analysis

Fig. 1. Extraction of the urban area boundary.

characteristics of the image, and precise correction is
needed. The ground control point is needed for geomet-
ric precise correction, so that GCP data is used to simu-
late the original data transmitted by satellite. The original
satellite image simulated by mathematics corresponds
to the ground standard map correction, and the changed
pixels are mapped to the correction space to achieve
precise calibration [14,15].

Fig. 2 presents a flow chart of image geometric correction.

Image registration: image registration is to use the bench-
mark image to calibrate the new image, so that the same
object in the two can be correctly registered; the com-
prehensive analysis of multiple periods and phases
can be used for registration processing. To unify in the
same coordinate system, the pixels of the same object in
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different time periods need to overlap with each other.
The dynamic multi-layer coverage can be carried out by
using the software, and the registration and evaluation
of the benchmark image and the correction image can be
compared.

¢ Image mosaic: when the research area is distributed on
multiple images, image mosaic is needed so that the pro-
cessing, interpretation and analysis can be performed in a
unified way. RS digital image mosaic processing requires
multiple images of the same object or place to be merged,
and the image needs to contain different projection type
information, different pixels, and the same number of
bands. In mosaic processing, a certain image is taken as
a benchmark to determine the contrast matching degree
of mosaic image and the map projection, pixel size and
data type of the image after processing. Fig. 3 presents
the flow chart.

e Image cutting: it is to cut on RS, select the same region
and discard other regions.

e Image fusion: RS with the different spatial resolution
are fused, which means to get multispectral charac-
teristics to enhance the influence.

e Band combination: the combined multispectral image
can enhance its spectral characteristics, indicating
the change of the reflectivity of the ground object for the
electromagnetic wave in each band, which is conducive
to object recognition.

¢ Image enhancement: it can improve the visual saliency
of related images, so that analysts can clearly identify
the content of the image, and extract useful quantita-
tive information. Multi spectral curve can be rendered
to make the curve have different colors, which can
improve the brightness of the image and highlight a
piece of texture information.

2.3.2. Classification of RS based on computer

After the RS inside the boundary is extracted, the
computer should be used to classify many images. The pro-
cess is as follows.

* The purpose of image classification and the problems
that need to be solved in classification need to be clar-
ified. The region image that needs to be classified is
selected, and the pixel, resolution, time and image
quality of the image are considered.

e All kinds of classification methods are compared and
analyzed to find out the suitable method and determine
the algorithm.

¢ (lassification system and classification categories are
developed, and statistical features are found according
to image characteristics.

* Each pixel is classified. According to the characteristics
of the pixel, it is segmented first and then classified.

® Accuracy check.

2.3.3. Boundary extraction

Because there is no clear demarcation between urban
land and non-urban land, it is impossible to make a
clear distinction, so the subsequent fine processing is
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Fig. 2. Flow chart of image geometric correction.

carried out after the automatic processing of the computer.
Nowadays, there are two kinds of fine processing meth-
ods: A. human eyes are used for artificial recognition, and
description and discrimination are performed directly in
RS. This method is easy to operate and easy to implement,
but the disadvantage is that there is no unified criterion,
which depends on people’s subjective consciousness, and
will lead to judgment error due to people’s consciousness.
Therefore, it needs professional training before it can be
carried out. b. Automatic density recognition method based
on edge point. Because the streets, squares and buildings
in the city have a large number of edge points, it can be
judged by this method, but this method is not suitable
for the city with more water and more open space.
Therefore, in order to improve the accuracy, the auto-
matic density recognition method based on edge point is
used first, and then artificial recognition is carried out [16,17].
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2.4. Characteristics of ecological water demand

Ecological water demand is the amount of water that
needs to be maintained to meet the function of a spe-
cific ecosystem in a specific time and space. It has the
dual characteristics of water and biology in an ecosystem.
The characteristics of river ecological water demand are
time, space, domain value, consistency of water quality and
quantity and goal.

2.4.1. Timeliness

The timeliness of river runoff determines the timeliness
of river ecological water demand. The timeliness of river
runoff is expressed by runoff process. The timeliness of
runoff is divided into certainty of runoff and randomness
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Prepare data
preprocessing

A

data
preprocessing

A

Finalize the data
Mosaic plan

Y
Image overlap
region
determination

A

Coordinated
Color Matching

Image Mosaic

End

Fig. 3. Image mosaic workflow.

of runoff, and the timeliness of ecological water demand
is expressed by the process of ecological water demand,
which is divided into certainty of ecological water demand
and randomness of ecological water demand. The cer-
tainty of river runoff is mainly cyclical, so is the certainty of
ecological water demand.

2.4.2. Spatiality

Because the runoff plays a decisive role in the river eco-
system has spatial characteristics, ecological water demand,
which reflects the relationship between runoff and ecosystem
in the ecosystem, must have spatial characteristics.

2.4.3. Domain values sex

The water demand of ecological environment should
at least be able to ensure the balance between things and
energy required for the operation of basic functions of the
system, which means that there is a minimum (or maxi-
mum) critical value (min value) corresponding to the water
demand of any function.

2.4.4. Consistency of water quality and quantity

Water quality and quantity are two aspects of river
runoff, and are inseparable two attributes of runoff, both
belong to the life support system. Moreover, as a part of
water resources, ecological water demand should have the
properties of water resources, which can not be called water
resources with “quantity” or “quality” without “quantity”.

3. RS research results of urban land use in Tianjin
3.1. RS of Tianjin

Figs. 4 and 5 are the results of the preprocessing
and RS information extraction of urban land images in
Tianjin.

Table 2 shows the change of residential area in Tianjin.

The dark area in Fig. 6 is urban land in Tianjin, and
the light area next to it is the non-urban area. It suggests
that the urban land use in Tianjin is further expanded.
Compared with 1998, the area of 2021 increases by 38.4%,
occupying the surrounding arable land, woodland, water
bodies and other land resources, especially the bare land

(2)1998

(b)2008 (¢)2021

Fig. 4. RS of urban land in Tianjin (a) 1998, (b) 2008, and (c) 2021.
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and arable land. The loss of various water bodies such as The results of classification are evaluated. The overall
lakes and swamps is also increasing. classification accuracy of 1998, 2008 and 2021 is 93.4122%,
89.5877% and 88.2339%, respectively. It reveals that the

. overall classification accuracy is more than 85%, so the
3.2. RS accuracy evaluation

Because of the use of object-oriented analysis and process- km?
ing methods, it is necessary to evaluate and verify the results.
If the results are qualified, they can be applied. Fig. 6 is an 100
evaluation result of the accuracy of the classification result. 2
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Fig. 5. Object-oriented classification results of urban land use
images in Tianjin (a) 1998, (b) 2008, and (c) 2021. Fig. 6. Evaluation results of the accuracy of classification results.
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Fig. 7. The change of urban land area with time in Tianjin (a) the change trend of urban land area, (b) the change amount of urban
land area, and (c) the change rate of urban land area.
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Table 2
The change of residential area in Tianjin

Time Area (km?) Variation (km?) Change rate
1998 2,460.81

2008 3,273.07 812.3 +32%

2021 3,995.31 722.2 +21%

classification accuracy of this result is high, the effect is good,
and can be used for subsequent experimental analysis.

3.3. Analysis on spatiotemporal evolution of urban
land use in Tianjin

The above classification methods are used, and Fig. 7
presents the results.

Fig. 7 suggests that the area of residential land in
Tianjin was 2,522.43 km? in 1998, increased to 3,372 km? in
2008, and reached 4,021.57 km? by the beginning of 2021.
Therefore, after more than 20 y, the scale of urban resi-
dential land increases sharply by 59.2%; the area of arable
land and bare land decreases with the change of time and
the increase of urban scale. The arable land area in 1998
was 6,712.30 km?, that was 5,698.74 km? in 2008, and that
has decreased to 5,155.21 km? by the beginning of 2021,
with a decrease rate of 23.2%; the water area in 1998 was
2,110.32 km?, and that was 1,486.72 km? in 2008. At the
beginning of 2021, the water area dropped to 898.64 km?.
It has decreased by 1,211.68 km? with a decrease rate of
57.4%. The area of woodland in 1998 was 1,727.14 km?,
and that was 1,208.24 km? in 2008. By the beginning of
2021, the area of woodland was reduced to 1,201.72 km?, a
decrease of 525.42 km?, with a decrease rate of 30.4%.

4. Conclusions

This paper analyzes the spatial-temporal evolution of
tianjin urban land based on remote sensing technology,
and takes photos with remote sensing technology. Then,
the remote sensing images of urban land use in tian-
jin in 1998, 2008 and 2021 were analyzed and compared,
and the changes of urban land use in Tianjin in 22 y were
obtained. Combined with the characteristics of China, the
hydraulic method is taken as the research method of eco-
logical water demand in river channel, and the wet-cycle
method and velocity method are emphatically studied.
When estimating the minimum ecological water require-
ment of the river, the characteristics of the river, such as
water quality, biodiversity, sediment concentration, and
the regional climate environment should be combined. It is
not possible to generalize all the rivers, which is also deter-
mined by the complexity of the river ecosystem itself.

Although the expected research objectives have been
basically achieved and some valuable research conclu-
sions have been drawn, there are still many shortcomings
in the research work due to the limited academic accom-
plishment. Conclusions may be limited by the follow-
ing two factors: (1) the limited amount of historical data
available and the inadequate definition of RS. (2) With

the demand of social development, RS shooting is subject
to more interference. This also points the way for future
research. Future work will mainly focus on the following
two aspects: (1) to further collect relevant data and cooper-
ate with relevant research institutions at home and abroad
to find historical data and images with appropriate defi-
nitions. (2) Improve the transform processing method,
and filter the RS interference factors by technical means.
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