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Propositions 

1. The integration of GIS and process models offers interesting possibilities for enlarging the 
analysis of our environment. GIS forms a good platform for the storage and management 
of model input data and the presentation of model results, while the process model 
provides the analysis capabilities lacking in current GIS. 
(Bregt A.K. and Bulens J., 1998. Integrating GIS and process models for land resource 
planning. In: Heineke, H.J., Eckelmann, W., Thomasson, A.J., et al., (eds). Land 
information systems: developments for planning the sustainable use of land resources. 
Luxembourg: Office publications of the European communities. 293-304.) 

2. Mander-&-Mauring's generic linear regression model for nutrient reduction in wetlands 
has been proved to be applicable in the situation of Liaohe Delta. 
(The thesis) 

3. The effect of landscape pattern on purification function is not always so obvious as we 
might expect due to the internal compensation of different processes. 
(The thesis) 

4. Landscape indices should be chosen according to the purpose of the study, and be based 
on the criteria of simplicity, generality and meaningfulness. 
(The thesis) 

5. The solution to coastal seawater eutrophication is in the transportation route from the 
source to the sink. 
(The thesis) 

6. Economic development can be a driving force for nature conservation. 

7. Stones from other hills can carve the jade. 
(Chinese proverb) 

8. Nothing is "waste" in nature. "Waste" only exists in the eyes of human beings. 

9. The impact of human activity is a double-edged sword, with one side towards the nature, 
and the other towards Man himself. 

Propositions related to the dissertation 
Purification Function of Wetlands: Spatial Modelling and Pattern Analysis of Nutrient 
Reduction in the Liaohe Delta 
LI Xiuzhen, Wageningen, January 5, 2000. 



Abstract 

LI Xiuzhen, 2000. Purification function of wetlands: Spatial modelling and pattern analysis of 
nutrient reduction in the Liaohe Delta. ISBN: 90-5808-165-6. Wageningen University, the 
Netherlands. 

The eutrophication of coastal seawater has been a serious problem for the last two decades in 
Eastern China. The purification function of natural wetlands at big river deltas provides a potential 
solution to cut down nutrient input into the sea. The purpose of this research is to give a quantified 
evaluation as to what extent the natural wetlands can be used as a treatment system for nutrient 
enriched river water. By integrating process-based mathematical models with GIS, a number of 
valuable results and conclusions have been obtained through this study. 

A spatial simulation model has been established based on the field and literature data, to simulate 
the nutrient reduction and its distribution in the wetland of Liaohe Delta, China. A non-linear 
regression model is used for the nutrient reduction in the canal system, while Mander-&-Mauring's 
linear regression model is adopted for the reed fields. According to the simulation result, there is a 
"mutual compensation" for the nutrient reduction in the reed system and canal system, so that the 
total reduction rate remains relatively stable in spite of the input concentration change at the 
pumping station. It is 66% for total nitrogen and 90% for soluble reactive phosphorus. In 
combination with the canals, the present 80,000 ha of reed can remove about 3,200-4,000 tons of 
nitrogen and 80 tons of soluble reactive phosphorous during the irrigation period each year. But this 
is only 1/10 of its total reduction capacity, with water being the limitation factor. 

Four spatial combinations of reed, canals and pumping stations are designed to investigate the effect 
of pattern on nutrient reduction: 1) canal density, 2) reed area size, 3) reed shrinking pattern and 4) 
pumping station position. The simulation results indicate that each factor brings less than 10% 
deviation in total nutrient reduction rate, though the absolute reduction quantity can be different. If 
the reed area is stable, it is better to remain a low canal density, and keep the pumping station near 
the border of the reed area. Generally speaking, smaller reed area close to the pumping station is 
more efficient in nutrient reduction than larger, scattered ones. The shrinkage pattern of land 
transformation for the reed is most recommended in keeping a high reduction rate for the nutrients. 
The present reed area can accept at least 4 times more water in spring. 

The relationship between landscape structure and nutrient reduction is measured with the help of 
some landscape indices. Not all the landscape pattern indices are closely related to the nutrient 
reduction of the wetland system. Therefore the ability of pattern indices to characterize the effect of 
pattern change on function is rather limited. Redundancies also exist among similar indices. 
Landscape indices should be chosen according to the purpose of the study, based on the criteria of 
simplicity, generality and ecological meaningfulness. 

The research work is a combination of landscape ecology, wetland ecology and GIS technology. 
The spatial model developed is also applicable for other areas with similar situations. The results 
will contribute to a sustainable landscape planning in the study area. It is concluded that the natural 
wetlands have a great potential to be used for reducing nutrient input into the sea. 



Key words: Wetland, landscape, nutrient reduction, process model, spatial model, GIS, pattern 
analysis, input load, reed, canal, pumping station, Liaohe Delta. 
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1. Introduction 

1.1 Research topic 

1.1.1 Why is this research? 

The contradiction between development and environment protection has been an unavoidable issue 
in developing countries. This problem is especially serious in areas where economic growth is fast. 
In Eastern China, the coastal sea water eutrophication has become one of the biggest hazards in the 
last two decades. Whenever it happens, great damage is caused in fishing, aquaculture, tourism and 
many related industries. How to reduce the potential risks of algae blooming is one of the key topics 
among researchers and policy makers. 

Theoretically, the problem can be solved by controlling pollutants at the source, reducing them on 
the route and mitigating the algae blooming at the destination. As source control is difficult because 
of the large area involved, and destination mitigation unpredictable, nutrient reduction on the 
transportation route becomes more important. Many landscape ecologists and environmentalists 
have already noticed this and started to work on it (Paterjohn and Correll, 1984; Phillips, 1989; 
Pinay, et al., 1993; Vought, et al., 1994; Brunet, et al., 1994). In China this kind of research has just 
started, and mainly focused on the coastal wetlands to reduce the pollutants (Guo and Zuo, 1997; 
Li, et al., 1999). 

Although constructed wetlands have become more and more popular in the world, it is difficult to 
be put into practice in China because of the huge population and relative shortage of arable land. 
What is left for pollution control is the so-called "wasteland", where cultivation is difficult, such as 
natural wetlands, beaches or deserts. To make full use of the natural coastal wetlands and 
investigate the possibility of using them as treatment system for nutrient enriched river water, a 
national key project1' was funded in China in 1997. The subject of this thesis is one of the key 
components in this project. In combination with other research subjects, the results will be used in a 
sustainable land use planning in the study area. 

According to the research work on wetland treatment systems from many countries, and the actual 
situation in China, the thesis study tries to provide a more quantitative measure to the nutrient 
reduction function of wetland at the landscape level. With the help of geographical information 
systems, a spatially explicit simulation model will be established and serve as a linkage between 
point process studies and global landscape planning practices. 

1.1.2 Problem definition 

Nitrogen and phosphorous are considered to be two major contributors to the eutrophication 
problem. In the Liaodong Bay, where our study area is close to, the main restricting nutrient for 

"NSFC 49631040. 



2 Chapter 1 

algae blooming is phosphorous, especially soluble reactive phosphorous. The nitrogen is a 
contributing factor, but not a limitation. Most of the nutrients come from inland soil-water erosion, 
industrial wastewater and urban sewage in the catchments of large rivers running into the Liaodong 
Bay. In combination with the measures taken in the upstreams to control the release of pollutants 
and nutrients, using the natural estuary wetland as a filtering system to the river water provides a 
pragmatic and less expensive alternative to cut down the total nutrients input into the sea. 

The extensive natural wetland distributed in the Liaohe Delta is the second largest reed marsh in the 
world. The high productivity, irrigation regime and annual harvesting system provide ideal basis for 
this piece of land to be used as a treatment system for nutrient enriched river water. At present 
wastewater irrigation is only conducted in a limited area and period. The potential capacity for the 
wetland system to receive nutrients has never been studied yet. The spatial configuration of reed-
covered area, canals and pumping stations are also important management factors if we use it as a 
treatment system in the future. 

Therefore the problems to be solved can be defined as: 

• How efficient the wetland in the Liaohe delta functions as a nutrient reduction system? Or, what 
is the present situation and potential capacity for nutrient reduction? 

• What are the effects of different spatial element configurations on the nutrient reduction? 
• How to quantitatively measure the relationship between landscape pattern and nutrient 

reduction? 

To answer the above questions, point measured data has to be extrapolated into area. This is a 
methodological problem. The study will improve the scientific understanding about the purification 
function of natural wetland systems and enhance the application of scientific knowledge into 
management strategies. 

1.1.3 Objectives of the research 

The main objective of this research is to investigate the possibility of using the estuary wetland as a 
treatment system to cut down nutrient input into the sea. A model will be established to simulate the 
reduction ability of the natural wetland to some nutrient elements and to analyse the change of this 
function when landscape pattern changes. The sensitivity of some landscape indices will also be 
tested corresponding to the scenarios of nutrient reduction function. More specifically: 

• To study the purification function of the wetland as a treatment system to reduce some 
pollutants and nutrients input into the sea. 

• To establish a spatial simulation model for the reduction function of the natural wetlands to 
nitrogen and phosphorous in the Liaohe Delta. 

• To investigate the effect of different landscape components and their combination on the 
nutrient reduction function. 

• To evaluate the relationship between landscape pattern and nutrient reduction with the help of 
some landscape indices. 

1.1.4 Materials and methods 

The research work is based on field data, remotely sensed data and existing digital and printed 
maps. Literature is also used as references as well as important data sources. 
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Statistics for field data is conducted in Excel97 , in order to establish the regression model for the 
nutrient reduction in the wetlands. TM images are processed and classified in Erdas® (Imagine 8.3), 
so as to delineate the desired landscape features such as reed-covered area and canals. The model is 
implemented in the Grid module of Arc/Info®, with the help of AML (Arc Macro Language) 
programs designed by myself. Arcview® (3.0.b) is used for spatial data presentation. The detailed 
methods used will be given in each chapter. 

1.2 Theoretical background of the research 

The thesis deals with the purification function of the wetland landscape in the Liaohe delta, China, 
and the spatial modelling of this function. The theoretical background of the research work is 
mainly related to wetland, landscape ecology and geographical information systems (GIS). Most of 
the research works related to each subject of the thesis will be given at the beginning of each 
chapter. Here just a global review on different themes is provided. 

1.2.1 Wetland 

A wetland is defined as land that is saturated with water long enough to promote wetland or aquatic 
processes as indicated by poorly, hydrophytic vegetation, and various kinds of biological activity 
which are adapted to a wet environment (Canadian wetland classification system, 1987). The 
presence of water, unique soil and hydro-vegetation are three main components to distinguish a 
wetland from its adjacent landscapes. Wetland is the transitional system between deep water and 
terrestrial uplands, and interacts with both. The depth and duration of flooding, size and location 
may vary considerably from wetland to wetland (Mitsch and Gosselink, 1993). 

The study area is an estuary wetland in Liaohe Delta, China. The word "estuary" refers to a semi-
enclosed body of water, such as a river mouth or coastal bay, where the salinity is intermediate 
between salt and fresh water, and where tidal action is an important physical regulator and energy 
subsidy (Odum, 1993). At a larger scale, the estuary wetland is an ecotone, or transitory area 
between land and sea, with the water table fluctuating round the ground surface (Wilen, et al., 
1993). 

Estuary is often an efficient nutrient trap that is partly physical and partly biological. This property 
enhances the estuary's capacity to absorb nutrients in wastes provided organic matter has been 
reduced by secondary treatment (Odum, 1993). In recent years, both natural and constructed 
wetlands have been used to remove nutrients from non-point agricultural sources (Mitsch, 1992b; 
SFWMD, 1992; Craft and Richardson, 1993a, b; Mitsch, et al., 1995), livestock operations (Du-
Bowey and Reaves, 1994) and treated wastewater (Kadlec, 1985; Richardson and Marshall, 1986). 
The privileges and limitations of these wetland treatment systems have also been discussed (Craft, 
1997; Hopkinson, 1992). 

The functionality study of the wetland as a treatment system to nitrogen (N) and phosphorous (P) 
enriched water from upstream and breeding ponds along the coast will provide an insight into the 
interaction between landscape structures and functions. People have been discussing about the 
creation of wetlands to cut down N&P input into the sea (AMBIO, 1994; 1995). It is unreasonable 
to do so if we do not make good use of the existing natural wetlands to reduce coastal seawater 
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pollution. Actually it is also urgent to make responses to the "red-tide" problem in the Bohai Sea 
emerged in the recent years. 

Ecological modelling for wetlands has been focused on energetic, hydrological or biological 
processes of the system (Dorge, 1994). Little work has emphasized the spatial aspects of the 
wetland system. This thesis will deal with the modelling on the spatial distribution of pollutant 
concentration in the wetland, regarding to its retention function on some nutrient elements. 

1.2.2 Landscape ecology 

Landscape ecology is an interdisciplinary science that considers the development and dynamics of 
spatial heterogeneity, spatial and temporal interactions and exchange across heterogeneous 
landscapes, influences of spatial heterogeneity on biotic and abiotic processes, and management of 
spatial heterogeneity (Risser, et al., 1984; Naveh and Lieberman, 1984). Generally speaking, it 
focuses on three characteristics of the landscape (Forman and Godron, 1986): 

Structure: the spatial relationships among the distinctive ecosystems or elements present — 
more specifically, the distribution of energy, materials, and species in relation to the 
sizes, shapes, numbers, kinds, and configurations of the ecosystems. 

Function: the interactions among the spatial elements, that is, the flows of energy, materials, 
and species among the component ecosystems. 

Change: the alteration in the structure and function of the ecological mosaic over time. 

Thus, landscape ecology involves the study of landscape patterns, the interactions among patches 
within a landscape mosaic, and how these patterns and interactions change over time (McGarigal 
and Marks, 1995). The two leading principles are "system approach and attention for the spatial 
aspect" (Zonneveld, 1995). 

Landscape ecology is concerned with large-scale relationships between spatial pattern and 
ecological processes (Kareiva and Wennergren, 1995; Turner, 1989; Turner and Gardener, 1991). 
How to quantify spatial pattern and its effect on processes is also one of the core topics in landscape 
ecology (Forman and Godron, 1986; Turner, 1987, 1990). A series of indices have been defined to 
measure landscape pattern differences (Pielou, 1975; O'Neil, et al, 1988; Gustafson and Parker, 
1992; McGarigal and Marks, 1995), but the ecological meaning of these indices still need further 
evaluation and verification. 

Landscape functions are closely related to its structure, or distribution pattern of landscape elements 
(Forman and Godron, 1986; Xiao, 1991; Zonneveld, 1995). Case studies on the purification 
function of wetlands have been documented on both superficial and linear landscape elements 
(Mander and Mauring, 1997; Meuleman, 1999; Li, et al., 1999). Yin and Lan (1994, 1995) used to 
study the nutrient retention function of the reed marsh around Baiyangdian Lake, Northern China, 
and got very good results. Natural rivers have been proved to be effective in reducing certain kinds 
of pollutants (Brunet, et al., 1994; Haycock, et al., 1993). But artificial canals also have strong 
dilution and absorption ability to some pollutants, according to our experiments done in the Liaohe 
delta. All the above researches provide important basis for our study on the purification function of 
the wetland landscape in the Liaohe Delta. 
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1.2.3 Spatial modelling with GIS 

The integration of landscape ecology and GIS (geographical information systems) is of fundamental 
importance to the development of both. The former is theoretical and empirical in nature, while the 
latter is more a technological development of the last decades. Landscape ecology can serve as the 
theoretical basis for the applications developed in GIS. On the other hand, GIS can help in 
perceiving how spatial patterns occur and how they change over time, and provide an insight into 
the complex interactions between physical, climatic, biological, ecological and human processes. 
This may result in new theories and expand the understanding of landscape dynamics (Perez-Trejo, 
1993; Bregt and Bulens, 1998). 

The integration of landscape ecology with GIS has been attempted by landscape ecologists (Baker 
and Cai, 1992; Haines-Young and Green, 1993; Pizzolotto and Brandmayr, 1996; Rooij, 1994; 
McGarigal and Marks, 1995). But there is still a long way to go because both landscape ecology 
and GIS are newly emerged sciences and are developing fast. GIS is not only a convenient "map 
producer" (Bridgewater, 1993) for landscape ecology study, but also can be used for data analysis. 
It provides a strong tool to quantify spatial aspects of landscape elements, while the quantification 
procedure helps GIS for further improvement. 

At the beginning of 1990s, the landscape pattern indices had to be calculated indirectly via 
computer language such as Fortran (Turner, 1990; Gustafson and Parker, 1992). Now most of the 
indices can be calculated easily within the GIS package (Arc/Info, for example) (McGarigal and 
Marks, 1995; Li, 1998). It is also possible to do a lot of test analysis over a variety of artificial 
"landscape patterns" and find suitable parameters to describe the landscape (Gustafson and Parker, 
1992; Plotnick et al., 1993; Li and Reynolds, 1993; Shumaker, 1996; Meisel and Turner, 1998; Li, 
1998). Later on these parameters can be used to interpret or predict ecological processes at larger 
scales. 

Both landscape ecology and GIS theory emphasize on the hierarchical character of spatial objects 
(Oilier, 1977; Forman and Godron, 1986; Molenaar, 1994). There is a group of commonly used 
terms for the descriptive elements of landscapes (Zonneveld, 1995): 

Ecotope: The smallest unit that can be considered to be a landscape in the sense of a system. 
Microchore: A horizontal arrangement of ecotopes. 
Mesochore: A pattern of microchores. 
Macrochore: A pattern of mesochores. (The so-called landscape level) 
Megachore: Larger landscape at the transition to the geospheric dimension. 

Apart from the terms given above, there are also some other land unit names such as "site" 
(Christian and Stewart, 1953), "ecotope", "landfacet" (Zonneveld, 1979), "biotope (Agger and 
Brandt, 1984), and so on. They are defined by different users and often synonymous with each 
other. 

According to Zonneveld (1995), a land unit can be defined as "a tract of land that is ecologically 
relatively homogeneous at the scale level concerned". Therefore the size and attribute of a "land 
unit" is scale-dependent. Land unit is a feasible mapping tool in GIS and landscape ecology. It 
provides the possibility of generation and conversion of point data into area data. 

The integration of GIS and process models offers interesting possibilities for enlarging the analysis 
of our environment. GIS forms a good platform for the storage and management of model input 
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data and the presentation of model results, while the process model provides the analysis 
capabilities lacking in current GIS (Bregt and Bulens, 1998). Spatial modelling offers a valuable 
link between process studies and spatial models (Burker, et al., 1990). 

A lot of research work has also been done in the study area of Liaohe Delta (Huang and Wang, 
1982; Xiao, et al., 1996; Zhang, et al., 1997), most of which is focused on the ecological processes 
(Wang, 1996; Li, et al., 1999) and biological diversity (Hu, 1997). These studies provide valuable 
knowledge for the spatial modelling on the nutrient reduction in the study area. 

1.2.4 Position of the research work 

The thesis work will be a result of knowledge combination on the theory of landscape ecology, 
wetland, and GIS (figure 1.1). 

Figure 1.1 Position of the thesis work in its theoretical background. 

The knowledge of landscape ecology and wetlands will provide theoretical basis for the designing 
of experiments and research subjects, while GIS will serve as a powerful tool to realize the research 
objectives. The elaboration of process models with GIS will provide new knowledge that can not be 
achieved within any one of the above disciplines. Further more, the results of the research will 
contribute to the sustainable land use planning for the Liaohe Delta and other areas with similar 
situations, so as to reduce the risks of coastal seawater eutrophication. In this sense, the practical 
value of this study is no less than its scientific significance. 

1.3 Outline of the thesis 

A general description of the thesis structure is shown in figure 1.2. It has seven chapters, from 
general description of the study area, to model development and application. Following is the main 
contents of each chapter: 

Chapter 2 will give a general description about the natural and managed situation of the study area 
in Liaohe Delta, China, including the geographical and biological background, as well as the effect 
of human activities. 
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Figure 1.2 Structure of the thesis 

Chapter 3 is about the multi-functions of the wetland landscape, mainly focusing on the purification 
function of the system. Reed and canal systems are inspected for the purification of wastewater 
from paper factories and oil drilling. The potentiality of using Suaeda community as treatment 
system for breeding water is also discussed. 

Chapter 4 is the central part of the thesis. The spatial model for nutrient reduction is established, 
first based on field data and later on modified with literature data. A logarithmic regression model is 
used for the canal system while a linear regression model is adopted for the reed system. 
Applications of the model are made to calculate the total nutrient reduction, temporal dynamic and 
maximum reduction capacity of the study area. 

Chapter 5 studies the effect of landscape pattern on the nutrient reduction function, according to the 
simulation results of the above model. Different scenarios of landscape components are designed 
and simulated to test the effect of each factor. 

Chapter 6 investigates the relationship between the quantity of nutrient reduction and landscape 
structure with the help of some pattern indices. Different indices are chosen for different pattern 
scenarios to compare with the simulated nutrient reduction quantity. The sensitivity and redundancy 
of these indices are discussed in relation to the nutrient reduction function of the system. 

Chapter 7 concludes the research. Some reflections regarding to the research and suggestions on 
management are also given. 



2. The Wetland Landscape in Liaohe 
Delta, China 

2.1 Introduction 

The Liaohe delta can be classified as a coastal wetland, according to its geomophological, 
hydrological and hydrodynamical characters (Brinson, 1993; Yin and Ni, 1998). It is mainly 
composed of the lower Liaohe fluvial plain, most part of which belongs to the administrative district 
of Panjin City, Liaoning Province. In this book, the "Liaohe delta" refers to the administrated area 
of Panjin City, for the convenient of data collection. 

The developing history of this area is very short. Originally it is low and swampy, with few human 
activities. People started to colonize and reclaim this piece of land in the middle of the 17* century. 
At first only soybean and maize were grown. Later on rice was introduced by the Japanese in the 
1930s. Gradually canals, dikes and reservoirs have been constructed. More and more reed marsh 
has been converted into agricultural fields. Prawn and crab breeding ponds are also created along 
the coast. Since the discovery of oil in 1970s, a lot of oil wells have been drilled all over the delta, 
along with industrial development. 

Now about 2,000,000 people are living in the 4,000 km2 area, with oil, rice, seafood and reed as 
their main products. The contradiction between economic development and environment protection 
has become a serious problem. 

In this chapter, we will give an introduction about the natural conditions and the effects of human 
activities in the study area, as the background for nutrient reduction research. 

2.2 Natural condition 

The natural condition of a geographical area includes several aspects, such as geographical position, 
climate, soil, water, flora and fauna. All these aspects are interrelated with each other and form the 
basis for ecological functionality of a landscape. 

2.2.1 Geographical position 

The Liaohe Delta is situated in Liaoning Province, China, to the north of Liaodong Bay (figure 2.1), 
within the range of 121°35'-122°55'E and 40o40'-41o25'N. The total area is about 4,000 km2, 
almost 1/10 the area of the Netherlands. Several large rivers, such as Daliao River, Shuangtai River, 
Daling River, Xiaoling River and Daqing River, run into the sea with 11.7 billion m3 of water every 
year. Counteracted by sea tides, 76 million tons of sedimentation is accumulated here annually, 
forming a complex delta1). According to Hu Yuanman (1997), the coastline is pushed seaward 

Environment Effect Assessment on Oil and Agricultural Exploration in Liaohe Delta, 1992 
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2,730m from 1989 to 1994 on the western side of the Shuangtai river mouth, and 118m on the 
eastern side. The main landscape types include open water, beach, reed marsh and paddy fields, etc. 

China Liaoning province Liaohe Delta 

Figure 2.1 The location of the study area 

2.2.2 Climate 

The climate of the Liaohe Delta is semi-humid temperate monsoon. High precipitation (July) 
always comes together with high temperature (figure 2.2). The annual average temperature is 8.3 -
8.4°C, with 27.4°C in July and -10.4°C in January. The frost-free period is about 170-200 days, 
from late March to late October. In recent years, the frost period tends to come later and goes earlier 
than average years, probably because of the global climate change. During winter, the frozen soil 
can be 90-100cm thick. Almost no natural bioactivity occurs. Therefore, the Liaohe delta is a 
seasonally inundated estuary wetland in summer, frozen and dry in winter. 

Figure 2.2 Climate of the Liaohe delta, China 

The average annual precipitation is 611.6 mm, 70-80% of which falls between July and September, 
constituting the flooding season, while less than 10% falls between April and June (figure 2.2). The 
annual evaporation is 1,390-1,705mm, about 2.5 times of the precipitation. The highest evaporation 
month (281.3mm) is in May, nearly 6 times that of the precipitation. But the driest month is March, 
in which the evaporation is 17 times higher than the precipitation. 
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2.2.3 Geology/topography 

Geologically the Liaohe delta belongs to the lower Liaohe fault basin, as a part of the Northern 
China continental plateau. The whole sedimentation layer is 1,000 to 8,000 meters thick due to the 
strong sink during the Quaternary Period. 

The plain is rather flat, with an average slope of 1/20,000 - 25,000. The maximum altitude is less 
than 7 meters above sea level. Local relief is caused by river and tidal ditch migration, or, dike and 
breeding ponds construction. 

2.2.4 Soil 

Generally speaking, the Liaohe delta is a saline wetland. The combination of water and salt 
concentration in the soil is the decisive factor of the ecosystem. Normally the farther away from the 
sea, the lower the soil salt content is, and the soil is also better developed. With natural succession 
and agricultural activities going on, desalinization of the soil continues gradually. The nutrient level 
of the soil also improves accordingly. The soil often becomes very clayey after several years of reed 
or rice growth. 

The main soil types in the Liaohe delta are coastal solonchak, (saline) bog soil, (saline) meadow soil 
and paddy soil (Zhu Qinghai, 1993). Coastal solonchak is relatively sandy and less developed along 
the coast. Saline bog soil and meadow soil are main soil types in the reed marsh and river side. 
Paddy soil is only distributed in the agricultural area with rice planted for years. Each type of soil 
can be further divided into sub-types according to the soil salt concentration, water condition, and 
time of vegetation growth or agricultural use. 

2.2.5 Flora 

As the physical forces tend to shape the landscape, vegetation and animal communities colonize 
those sites that have sufficient moisture or nutrients for them to be established. These communities 
begin to change the site's characteristics and generate a pattern of landscape element units that 
interact to determine the global erosion, run-off, and sedimentation patterns (Perez-Trejo, 1993). In 
the temperate wetlands as Liaohe delta, the number of natural plant species is very limited, and is 
often dominated by non-woody species, due to the extreme water and soil conditions. 

According to the field investigation in the Nature Reserve of Liaohe Delta, there are 126 plant 
species. But only less than ten of them are dominant species, such as reed (Phragmites communis), 
Suaeda heteroptera, cattail (Typha spp.), Aeluropus litoralis var. Sinense, and so oa 

Reed is the dominant local grass species in the Liaohe Delta, occupying more than 20% of the 
whole delta. Before 1929, it is only sparsely distributed here and there. The big flooding in 1929 
created a large area of alluvial shoals, upon which the reed expanded quickly. By 1940s, the area of 
the reed reached its peak. Then it began to shrink at the northern side, and was pushed south by the 
rivers as well as by the human activities. Now the total reed area is over 90,000 ha, being the largest 
reed marsh in Asia. It is mainly distributed between the Daling River and Daliao River, as well as 
the area near the large river mouths (figure 2.3). 
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Figure 2.3 The distribution of different productive reed fields in the Liaohe delta. 

The reed is not homogeneous if we take a close look into the fields. The height varies from 70 cm to 
more than 200 cm. The productivity also differs from place to place. According to the reed growth 
condition, the area can be classified into four categories (figure 2.3): 

l)High productivity fields: The irrigation and discharge condition is usually very good, with 
high power pumping stations and well-managed canals. The soil organic matter is usually 
higher and the salt content is lower. The reed is about 2-3 meters high, at a density of 60-100 
stems/m2. The diameter of above ground stem is about 6-10 mm, and the average productivity 
is about 7,500 kg/ha. The area of this kind of reed fields has been increasing in the recent 
decades, thus caused the increase of total productivity in spite of the total reed covered area 
decrease. It is the "core" area of the reed farms managed by the government. 

2) Middle productivity fields: The irrigation and discharge condition is moderately good, but 
often has long period of seasonal water inundation. The root system moves to the upper layer 
of the soil, and the height of the reed is about 1.5-2.5 meters. The stems are slim and dense, 
with 110-250 stems/m at the diameter of 3-5 mm. The productivity is about 4,500-7,500 
kg/ha. Originally this is the main part of reed farms. 

3) Low productivity fields: This kind of reed fields are often far away from rivers, or on high 
land where soil salinity is too high, with poor irrigation conditions. The reed density is about 
30-100 stems/m2, at the diameter of 2-4 mm, and height of 1-2 meters. The productivity is 
about 2,250-3,750 kg/ha. 
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4) Extremely low productivity fields: This is distributed in the place where reed is newly 
colonizing, or soil salt concentration is so high that Suaeda heteroptera is often mixed with the 
reed. The average productivity is about 1,000 kg/ha. The local people often improve this kind 
of fields by planting new reeds. 

The different reed productivity area can be delineated from TM images and will be used in the 
model establishment for nutrient reduction in Chapter 4. 

The Suaeda heteroptera, Aeluropus lithoralis var. sinensis and Carex scabrifolia are important 
pioneer communities on the beach. The height of these communities is much lower than that of the 
reed, about 40-70 cm, or even lower. 

Shrubs are highly salt tolerant species, such as Tamarix chinensis and Baici (Nitraria sibirica var. 
globicarpa). The latter often forms small shrub mounds in the inter-tidal belt, which is an important 
habitat for black-billed gulls (Lams saundersi). 

The forest area in the Liaohe Delta is rather limited, due to the high salt concentration in soil. There 
is almost no local tree species here. Only "domestic" trees such as poplar (Populus spp.), willow 
(Salix matsudana) and elm (Ulmus pumila) are planted near residential sites, along main roads, or 
around the agricultural fields. The total forest cover in the Liaohe Delta is about 7,000 ha, 62% of 
which is artificial "shelter forest". 

Agricultural vegetation is also an important component in the flora of Liaohe delta. Rice field 
occupies 54.6% of the delta, and is still expanding due to land reclamation in the reed and Suaeda 
occupied area. Maize, soybeans and other dry land crops are planted in the north-western and north­
eastern part of the delta, where groundwater level is lower and irrigation water is less available. 

2.2.6 Fauna 

The species of fauna in the wetlands is always more abundant than that of the flora. Water fowls 
and other bird species are often dominant among vertebrates. 

More than 200 species of fish, 60 species of invertebrates, and 250 species of birds are living in the 
Liaohe delta. Prawn (Penaecus chinensis) and hair-chela crabs (Eriocheir sinensis) are two main 
breeding species in the coastal ponds created by local people. A prawn can reach 24cm long, with 
fresh meat and abundant nutrition. Therefore it has very high economic value. Now both artificial 
breeding and sea fishing are conducted. The hair-chela crab is naturally spawned and hatched in the 
mixed water of sea and river, while grows up in the reed marsh. Now it is artificially hatched, and 
brought up in the reed or paddy fields (Local chronicles of Panjin City, 1998). 

Among the bird species, 40 are residents, 77 are summer migrants, 11 are winter migrants, and 122 
are passing-by species. Seven birds are first-class protected, including red-crowned crane (Grus 
japonensis), white crane (Grus leucogeranus), Ciconia nigra, Ciconia boyciana and golden vulture. 
Thirty-five species are second class protected birds, such as black billed gull (Larus saundersi) and 
Cygnus cygnus and so forth (Hu, 1997). 

Mammals are not so abundant as birds in the Liaohe Delta. Now only rats (9 species), hares (Lepus 
sinensis), foxes (Vulpes corsac), and yellow weasels (Mustelina sibirica) are encountered 
sometimes. Near the river mouth, Pacific spotty seal (Phoca largha) is often encountered in spring. 
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It is one of the rare species along the North-western Pacific Ocean coast. The cubs are born on the 
ice and become independent before ice melting. 

2.2.7 Hydrological condition 

Water is the key factor in the seasonally inundated wetland ecosystem. The water situation in dry 
season is often a limiting factor for the productivity of flora and fauna living in the wetlands. This is 
the reason why people build water regulation projects in this kind of area. In the Liaohe Delta, a 
canal network has been established since 1950s, in both rice and reed covered area. 

In the estuary wetland of Liaohe delta, water resources can be classified as seawater, river water, 
lake/pond water and ground water. Terrestrial surface water and ground water exchange water and 
salt with the sea seasonally. The water situation in the wetland ecosystem is mainly affected by the 
following factors: 

1) Annual and seasonal rainfall in the catchment of large rivers that enter the sea here. The annual 
fluctuation of precipitation often causes drought and flooding in the delta. The large estuary 
wetland can act as a regulator for the local water allocation. A large amount of water is retained 
in the wetland during flooding season, while in the dry season, the wetland water is supplied by 
sea tide flow and groundwater. 

2) Agricultural use of freshwater upstream. The water situation of the natural wetland in spring is 
especially dependent on this condition. According to the local policy, water must firstly satisfy 
the need of agriculture, especially paddy fields. The irrigation for reed is always in the second 
place. Now a large area of the reed is irrigated with wastewater from paper factories. 

3) The soil-water capacity and vegetation growth situation that changes seasonally. 

The vegetation and fauna changes with water and temperature seasonally in the Liaohe Delta. In 
winter, when it is cold and dry, almost nothing alive can be seen above the barren, frozen ground. 
Spring is still dry, but the ice and frozen soil begin to melt out. Reed and other plants sprout quickly 
with the softened soil and released moisture. If irrigation or rainwater is available in time, their 
growth speed can be very fast. Summer is warm and humid, which is the best season for vegetation 
growth. Large amount of biomass is reserved in the leaves, stems and later on in the seeds. As 
autumn comes up, the water level above ground decreases gradually, and the stems and leaves begin 
to dry out, ready for harvest. Reed is the best raw material for paper factories in the Liaohe delta. 

2.3 Human management factors 

2.3.1 Landuse 

The landscape of the Liaohe delta is very much intensively used, especially in the paddy fields. 
About 2/3 of the land has been turned into agricultural or built up area since 1950s, while new reed 
field is formed on the newly created beach, either through natural succession or artificial planting. 
Now the area of paddy fields occupies about 54% of the delta, and reed occupies about 22% (Figure 
2.4). Since 1987, an area of 10,000 ha has been reclaimed for agricultural use on the eastern bank 
of Shuangtai River mouth, close to the Nature Reserve. 
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In addition, the breeding ponds for prawn, crab and fish (c.a. l,300ha) on the beach, as well as the 
residential and water exchange equipments, also changed the original situation of the environment. 
The habitat for black-billed gull and other waterfowls are greatly endangered. 

LkiorluiHj Bdy 
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Figure 2.4 Landscape map of the Liaohe Delta, China 

The natural reed marsh has been managed regularly by the local people. Now a well organized 
irrigation and harvesting system has been established. Almost all the reeds are cut in winter and 
transported to paper factories as raw materials. Normally the harvesting is done from the middle of 
November to the coming January, which is best for the reed quality, and brings no negative effects 
to the next year's reed growth. The reed leaves left in the fields are usually collected by local 
people as fuel or fodder for domestic use. 

Reed is sometimes artificially planted in places where it is sparsely distributed, such as on the 
newly formed beach. Fortunately, the reed can survive easily after planting, either from seeds, 
underground stems, or green stems. The management is good for the improvement of reed 
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production and wetland protection. But the irrigation, full harvesting and spring fire usually have a 
negative impact on the inhabitation and reproduction of residential birds. 

2.3.2 Water management 

In the Liaohe delta, a criss-crossing network of water canals has been constructed since 1950s, 
mainly for paddy fields and reed fields management (figure 2.5). In spring and early summer, when 
it is relatively dry, these canals are important for irrigation. The water is usually pumped from 
nearby rivers. During the flooding season in summer, these canals are usually used for water 
discharge from saturated reed and paddy fields. 

10 20km 

Figure 2.5 Canal network system in the Liaohe delta. 

Water regulation in the Liaohe Delta focuses on agricultural use because this area has been 
designated as a "National Commercial Cereal Production Base". The quantity and quality of water 
pumped into the reed marsh is very much dependent on the "left-over" of agricultural use, not on 
the real demanding of plant growth. Fortunately, the reed has a large range of water tolerance, from 
moderately dry to more than 1 meter of seasonal inundation for one or two months. 

Dikes are also a kind of important water project as canals in the Liaohe Delta (figure 2.5). Apart 
from flood regulating dikes along large rivers, about 130 km of dikes has been built along the coast 
to protect the agricultural fields against the tide. This has cut off the regular tidal flow into the 
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wetland and changed the water and salt situation there. The flora and fauna inward the dikes have 
changed as a result, with a quick succession towards desalinization. 

2.3.3 Fire management 

In the estuary wetland of the Liaohe delta, fire as a management tool is only restricted to the reed 
fields, not in the Suaeda community and agricultural fields. Fire is carefully practised in early 
spring, so as to remove and mineralize the dry residual of reed stems. The reed is harvested during 
winter for paper factories. The leftover of the stems is sometimes very high, depending on the 
thickness of ice. If the dry mass above ground is too thick, it will impede the sprouting in spring. 
The burned stem layer can also add nutrients into the soil. In addition, fire can warm up the top 
layer of the soil to stimulate new stem sprouting. The soil is frozen into a hard block during cold 
winter. If the upper layer is warmed up, new sprouts will come out quickly because it contains large 
amount of underground reed stems. 

Fire management must be conducted carefully because of the oil drilling systems scattered all over 
the area, as well as the piled up reed stem bundles under transportation. In the area where soil 
salinity is very high, or the irrigation condition is quite poor, fire can cause heavy salinity in the 
upper layer of soil, and affect the reed growth. 

2.3.4 Pesticides and fertilizer 

The reed fields in the Liaohe delta are managed extensively. Thus little pesticides and fertilizer are 
used. Pesticides are used only when heavy pest problem breaks out, such as in the year of 1966, 
1977, and 1978. Helicopters must be hired to spray insecticides in the reed fields. Now fertilizer and 
herbicides are temporarily used in part of the reed farms, where the reed quality is too low. 

In the paddy fields, fertilizer, herbicides and pesticides are normally used, in order to keep the high 
productivity. In addition, more and more farmers choose to breed crabs in their paddy fields, which 
need extra foodstuffs input into the fields, and thus cause more nutrient outlet from the paddy fields 
into the nearby canals, rivers, and finally into the sea with ground or surface water. Some of the 
reed fields also use the water from paddy fields for irrigation. 

2.3.5 Biodiversity protection 

Ecotourism, especially sight seeing for birds, is one of the most effective ways to keep biodiversity 
as well as a relatively high income in the wetlands. 

In the Liaohe delta, a special area of about 80,000 ha has been designated for biodiversity protection 
since 1985. The suitable area for birds did not improve so much compared to the worst period. But 
it does help to stop some birds from moving away from this delta. The area suitable for red-crowned 
cranes has increased from the lowest point of 10% to about 30% since the Nature Reserve was 
established (Hu, 1997) (table 2.1). 

Table 2.1 

Year 
Suitable 

Area percentage suitable for red-crowned 

irea (%) 
1977 
80 

crane in the Nature Reserve of the delta. 

1986 
10 

1994 
27 
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2.4 The effects of human activities 

2.4.1 Water regulation capacity change 

In the Liaohe Delta, many dikes and canals have been constructed to redistribute the water spatially 
and temporarily according to the needs of human beings. Other activities such as land reclamation 
also changed the water regulation capacity of the wetland. 

The natural wetland in the Liaohe Delta has undergone a continuous loss in the recent decades due 
to the following factors: 

1) Agricultural land reclamation. 
2) Reservoir and canal construction. 
3) Oil field occupation with drilling wells and refinery plants. 
4) Residential area expansion. 
5) Crab and prawn ponds created on the beach. 
6) Construction of dikes, roads and highways. 
7) Natural process, such as river and tide erosion along the beach, though more land may be 

created in other area. 

The area of reed marsh has decreased from 1,066 km2 in 1986 to 918 km2 in 1994, at a loss of about 
15% (Wang, 1995). The shrinking of natural wetland has resulted in the decreased water holding 
capacity in flooding seasons and water providing ability in dry seasons. 

2.4.2 Biodiversity change 

There is a wide variety of migrating and breeding birds in the Liaohe Delta, such as red-crowned 
crane (Grus japonensis), black-billed gull (Larus saundersi) and white stork (Ciconia ciconia). It is 
also the habitat of other animals and waterfowls. But, as a result of human disturbance, the area of 
the habitats for wild life has greatly shrunk, and some animals become extinct. In the 1950s, wolf 
(Canis lupus), fox (Vulpes corsac) and hare (Lepus sinensis) were popular animals in the Liaohe 
Delta. Now they are seldom encountered. Their habitat is limited in the reed marsh near the sea, 
with less food resources due to water quality deterioration caused by oil and agricultural exploration 
(Wang, 1995). 
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Figure 2.6 Number of Phoca largha change due to human activity. 
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A good example is the Pacific spotty seal (Phoca larga). In the 1950s, the number of this animal 
witnessed near the Shuangtai river mouth was more than 1000. By the 1980s, the number decreased 
to less than 100 (figure 2.6). But now the number of this animal has increased again since the 
Nature Reserve was established. 

2.4.3 Habitat area change for wildlife 

The suitable area for wildlife has shrunk and fragmented in the Liaohe delta. The intensive 
agricultural exploitation since 1960s and oil exploitation since 1970s have turned 2/3 of the area 
into agriculture or built-up land, leading to the fragmentation of habitat for wildlife. 

The tidal protection dike along the coast has cut the seawater off. Habitat inward the dike has turned 
into other types of environment. For example, the area where the "plain reservoir" is situated now 
used to be the habitat for black-billed gulls. After the dike was constructed, and the reservoir was 
built, the black billed gull has totally moved out from this area (Hu, 1997). Moreover, the oil wells 
either in use or deserted, together with the roads connecting them, are all distributed in and around 
the Nature Reserve, where the habitat for many migrating and residential birds is supposed to be 
protected. Since 1970s, more than 4,000 oil wells have been drilled (figure 3.9), together with the 
increase of roads, pipelines and vehicles. The effect of oil drilling to bio-diversity change is no less 
than that of the agricultural exploitation. According to Hu (1997), the roads and working oil wells 
have led to the habitat fragmentation of many wild animals. Figure 2.7 gives an example of habitat 
fragmentation for the red-crowned crane. Most part of the suitable area has been disturbed by oil 
wells and roads. 
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Figure 2.7 The fragmented habitat for red crowned crane (Grus japonensis) in the Nature Reserve of the 
Liaohe Delta. 


