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According to more than 2,000 years of written records, migratory birds have adapted to the climate circulation, surface 

temperature and the distribution and seasonal changes of wetland ecosystem in the earth system, and have chosen the 

migration as a survival mode. Young migratory birds grow up in the migration path, and the fittest migratory bird population 

survives in the migration path of thousands of miles. At present, the rise of ecotourism has seriously threatened the migration 

of migratory birds. The traditional method of monitoring migratory birds’ migration path generally adopts the ring-banding 

method. The recovery rate of this method is about 10%. In recent years, the Environmental Research Institute have studied 

the remote sensing tracking method of the migration path of bar-headed geese, and carried out the collection, processing and 

analysis of satellite tracking data, remote sensing imaging data and surface temperature data, and preliminary results are 

obtained. This paper provides a scientific basis for the layout and development of the rapid economic developing areas in the 

southwest of China, as well as the protection of bar-headed geese. It also helps to study the remote sensing tracking method 

of migration path of bar-headed geese under the influence of ecotourism.  
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1 INTRODUCTION 

Bar-headed geese are medium-sized geese with a body length of 62-85 cm and a body weight of 2-3 kg. The whole 

body is mostly gray-brown, white on the head and neck, with two conspicuous black spots on the top of the head. It 

breeds in Plateau lakes, especially in saltwater lakes, Freshwater lakes and open swampy areas are also chosen. It 

over winter in lowland lakes, rivers and marshes and prefer to stay in clusters, especially in reproductive period, 

overwintering period and migration period. Bar-headed geese feeds mainly on plant foods such as leaves, stems, 

grass and seeds of leguminous plants of Gramineae and Cyperaceae, also eats shellfish, mollusks and other small 

invertebrates. It is a common summer migratory bird in the Qinghai-Tibet Plateau of China. Its population is large, 

especially in the Bird Island of Qinghai Lake. China has established a nature reserve in Qinghai Lake Bird Island to 

protect this bird resource. 
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The traditional method of studying the migration path of the bar-headed geese is generally the ring-banding method. 

The method of ring-banding is to observe and record geese in different places by putting a plastic or metal ring on 

the geese captured locally. Because the migration path of the bar-headed geese is more than 2000 kilometers long 

and lasts about 2-3 months, and affected by climate, disease, hunger and natural enemies, it is difficult to observe 

the bar-headed geese with ring markers in the field. According to statistics, the recovery rate of bar-headed geese is 

only about 10%. It is difficult to draw a complete migration path of bar-headed geese by this method. In the 1990s, a 

satellite tracking system was applied in the study of geese migration path. This technology fundamentally changed 

the passive situation of geese ecological behavior and habitat selection, and promoted the protection of geese habitat 

and residence. In recent years, through data sharing, we have carried out remote sensing detection research on 

migration route and land condition change information of bar-headed geese in China. In this study, satellite tracking 

NTT transmitter data are used to determine the migration path of the bar-headed geese. This paper mainly introduces 

the satellite tracking results. Using the monthly average time series image of NDVI of AVHRR surface greenness, 

the path profile and the monthly average temperature data of 400 meteorological stations, the national temperature 

change map was compiled and overlapped with the tracking position of bar-headed geese. The TM data processing 

and field validation are introduced, and the above research work is explained. 

Lin and Mike Tz-Yauw published an article entitled “Effects of Experiential Marketing on Experience Value and 

Customer Satisfaction in Ecotourism” in Ekoloji (Issue 107, 2009) (Lin 2019). The literature described that 

ecotourism as a nature-oriented tourism concept is booming and showing a better competitiveness. In order to have 

an advantage in the market, we must provide high-quality services to meet the expectations and requirements of 

tourists. This has motivated us to study, whether the development of ecotourism has an impact on the current 

ecology. 

Mitchell (2016) utilized the means of superposition and statistical analysis to analyze the changes of temperature, 

rainfall, vegetation cover and the correlations among various factors in the migration residence area of bar-headed 

geese. The results show that the main reasons for the migration of bar-headed geese along the relatively fixed 

passage on the Qinghai-Tibet Plateau are the seasonal variation of temperature and the unique distribution pattern of 

vegetation; the vegetation in the passage is obviously correlated with the temperature and precipitation of 

meteorological stations, among which the correlation between NDVI and precipitation is significantly higher than 

that of temperature; the migration is dominated by four vegetation types: alpine vegetation, grassland, meadow and 

shrub. The meadow is the main vegetation type in the passageway, while the grassland is mostly affected by 

temperature and precipitation, and the alpine vegetation is least affected by it, but there is no design of path tracking 

method. Clausen et al. (2017) observed the basic composition of bird diversity in Qinghai Lake Basin and southern 

Tibet; established preliminarily the field sampling-indoor processing test procedure for identifying stable isotope 

geographic information; analyzed the fractionation of stable carbon and nitrogen isotopes in feathers, muscle tissues 

and eggs of bar-headed geese; and analyzed the composition and source of migratory bird populations by means of 

bi-element cluster analysis (Clausen et al. 2017). At the same time, the composition of fatty acids and amino acids in 

the tissues of bar-headed geese were tested. The test results only prove that the stable isotope composition of 

different feathers is different, and no path tracking method has been explored. 
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2 IDEA DESCRIPTION 

2.1 Satellite Tracking Map and Residence Time Analysis of the Migration Path of the Bar-headed Goose 

2.1.1 Tracking System and Tracking Data Acquisition 

Research on migratory birds using satellites began in the late 1980s (Hawkes et al. 2017). The satellite tracking 

system is mainly composed of transmitter, sensor installed on satellite and ground receiving station. The principle is 

that the object of study is mounted on a transmitter, which transmits signals at intervals of time set by users. When 

the satellite passes over the object of study, the sensor receives the signal from the transmitter and transfers it to the 

processing center of the ground receiving station. After computer processing, the longitude, latitude, altitude, 

temperature and other information of the tracking object’s location are obtained. Finally, this information is 

transmitted to the user through the Internet. The main purposes of this study are as follows: 1. Protecting the 

tracking objects. By revealing the migration route of migratory birds, the breeding place, transit station and 

wintering place of the objects are determined, so as to protect them effectively. (2) Biological research on the 

tracking objects. For example, Weimerskirch et al. (1993) studied the relationship between feeding habits, food 

intake and hatching, nestling growth period; Harris (1990) studied the scope of the field; Pennycuick et al. (1996, 

1999) studied migration strategies and orientation mechanisms of migratory birds; and Ueta et al. (2000) studied the 

differences between adults and young. 

From 1990 to 1992, the satellite tracking was carried out on monitoring the feeding movement of the parent birds of 

the drifting albatross during the breeding period. The results showed that the drifting albatrosses flew 1300 km a day 

to feed on average for 14 days at the beginning of hatching. With the passage of time, the flying distance was 

gradually shortened. During the 10 days after hatching, the average daily feeding time was 400 km. After birth, the 

migration distance of the chicks was shorter, flying 260 km a day for feeding on average. Weimerskirch et al. 

believed that the main causes of changes in feeding movement may be related to factors such as food distribution, 

differences in the amount of food needed by parents and nestlings. Pennycuick et al. (1999) put transmitters, which 

can measure external temperature, air pressure, altitude and other parameters, on 10 big swans (Cygnus cygnus). 

They were tracked by satellites in 1994, 1995 and 1996, respectively. According to the tracking data and the 

meteorological conditions at that time, the computer simulation was carried out. Statistical analysis showed that the 

swan tended to cross the sea when the altitude of the sun or moon was above - 4° from the horizon and the visibility 

was above 2 km. Otherwise, they berthed on the sea. This study supports the theory of external orientation of bird 

migration to some extent (Sun et al. 2016). 

In order to track migratory geese by satellites, the launcher is placed on the bar-headed geese, and the real-time 

location data of geese activities are obtained by the receiver on the satellite platform, indicating the migration path, 

residence, habitat and overwinter place (Lewis et al. 2015). The monitoring results showed that the reproductive 

position of the geese was in lakes and wetlands on the Qinghai-Tibet Plateau, and the reproductive position was in 

the Qinghai-Tibet Plateau. The geese overwintered in Ganges wetlands and Indian wetlands in South Asia. Every 

spring, they flew north over the Himalayas to the breeding place, and then southward from the breeding place to the 
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over winter place in autumn. 

2.1.2 Migration Path of Bar-headed Goose in China 

The length of stay during migration directly reflects the safety and food demand and supply conditions of 

bar-headed geese in wetlands (Shimada et al. 2016). From September to October, the bar-headed geese began to 

migrate from the Qinghai-Tibet Plateau to the wetlands of the Indus River, and from March to April to the 

Qinghai-Tibet Plateau. The chosen route will not change, but the duration and frequency of stay will change. 

Qinghai Lake is a large closed brackish water lake surrounded by mountains. The lake is surrounded by swamps and 

vast wetland meadows. It is an important stopover and foraging place for bar-headed geese. In addition, Bande Lake, 

located at the foot of Tanggula Mountain in Geermu City, Qinghai Province, is located on the North Bank of Tuotuo 

River, the source of the Yangtze River. It is a typical plateau lake with an elevation of more than 4700 meters. It is a 

no-man’s-land with a hundred square miles and harsh conditions, but it is a paradise for bar-headed geese and 

belongs to the jurisdiction of Sanjiangyuan National Nature Reserve. 

2.2 Relationships between Wetlands Chosen by Bar-headed Goose and NDVI and Temperature 

The bar-headed goose adapts to the seasonal changes of climate temperature and vegetation in the earth system and 

the distribution of wetland ecosystem. It chooses its own migration path. The change of wetland ecosystem along 

the migration route will bring them serious survival problems (Liu et al. 2017). 

2.2.1 Staying Wetland of Bar-headed Goose and Its Typical Investigation 

Qinghai Lake National Nature Reserve is located in the northeastern part of the Qinghai-Tibet Plateau and the 

southern foot of the Qilian Mountains (Kölzsch et al. 2016). It is between 99°36’- 100°46’ east longitude, and 

36°32’- 37°25’ north latitude. It covers the whole Qinghai Lake water body, islands in the lake and marshes, 

wetlands and grasslands around the lake, with a total area of 4952 square kilometers. The purpose of Qinghai Lake 

Nature Reserve is to protect Qinghai Lake wetland and bird resources and their habitats. It integrates resource 

protection, scientific research and ecotourism. Qinghai Lake National Nature Reserve belongs to wetland ecosystem 

and wildlife nature reserve. It was founded in 1975, it is the first protected area in China to be included in the list of 

international important wetlands of the Convention on Wetlands Especially as Waterfowl Habitat (Ramsar 

Convention). At the same time, it is also one of the eight national bird nature reserves and seven international 

important wetlands. Qinghai Lake is China’s largest inland lake, China’s largest saltwater lake, the most beautiful 

lake. Qinghai Lake is an important water body to maintain the ecological security of the northeastern Qinghai-Tibet 

Plateau and a natural barrier to prevent desertification from spreading eastward in the west. It is a concentrated 

habitat and breeding place for bar-headed geese and an important gene pool for researching migration path of 

bar-headed geese. 

Bande Lake is the jurisdiction area of Sanjiangyuan National Nature Reserve, located in the hinterland of 

Qinghai-Tibet Plateau and southern Qinghai Province. It is the headwaters and catchments of the Yangtze River, 

Yellow River and Lancang River, with a total area of 363,000 km2, accounting for 50.4% of the total area of Qinghai 

Province. This region is the birthplace of the three major rivers of the Yangtze River, the Yellow River and the 
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Lancang River. It is known as the “Chinese Water Tower”. It has the typical characteristics of the ecosystem and 

biodiversity of the Qinghai-Tibet Plateau. It is an important ecological barrier for the ecological environment 

security and sustainable economic and social development in the middle and lower reaches of the Yangtze River and 

Southeast Asia. The flora and fauna and wetland ecosystem in this region are unique, and the natural ecosystem 

basically keeps its primitive state. It is an important habitat and biomass resource bank of rare wild animals and 

plants in the Qinghai-Tibet Plateau, as well as an important area to study the migration path of bar-headed geese. 

Sanjiangyuan Nature Reserve is the most concentrated ecological type, the most important ecological function and 

the most complete ecological system in the whole Sanjiangyuan area. It is also the core conservation area of the 

ecosystem of the Qinghai-Tibet Plateau. It has an important strategic position in the ecological and environmental 

protection system of western China. This nature reserve is a super-large National Nature Reserve with the highest 

elevation, the second largest area and has the most concentrated species diversity on the plateau in China. It is also 

the first nature reserve group covering a variety of ecological types established in China. The total area of the nature 

reserve is 152,300 square kilometers, accounting for 42% of the total area of the source areas of the Three Rivers 

and 21% of the total area of Qinghai Province. It is the third largest natural reserve group in the Yangtze Because of 

its unique geographical location and complex and diverse protection objects, the nature reserve at the headwaters of 

the great rivers and rivers has been designated as a network of nature reserves with plateau wetland ecosystem as its 

main function. The core area is 31218 square kilometers, the buffer area is 39 242 square kilometers, and the 

experimental area is 81 882 square kilometers, accounting for 20.5%, 25.8% and 53.7% of the total area of the 

nature reserve, respectively. Among all the core areas, the core areas with main functions to protect wetland 

ecosystem accounted for 42% of the total number of core areas and 54% of the total area, followed by wildlife, 

typical forests and shrub vegetation. In terms of spatial distribution, wildlife types are dominant in the central and 

western regions, forest shrub types are dominant in the eastern regions, and wetland types are mainly divided into 

headwaters catchment areas and plateau lakes. 

2.2.2 Relationship between Staying Wetland of Bar-headed Goose and the Change of Temperature 

Temperature is the root cause of migration of the bar-headed geese. The basic rhythm of temperature change in 

China is that the temperature increases from south to north in spring. Based on the surface data of 400 

meteorological stations provided by the National Meteorological Administration Data Center, we can conclude that 

the temperature needed for the geese to inhabit is generally about 20°C, which is the most suitable temperature with 

abundant food and good shelter conditions. The stopover time is longer and can reach about a week. 

2.2.3 Relationship between Staying Wetland of Bar-headed Goose and the Change of NDVI 

The seasonal variation of air temperature affects the migration of bar-headed geese. The changes of vegetation 

indices of wintering wetlands, residential wetlands and breeding wetlands can also reflect the changes of ground 

conditions of bar-headed geese migration path. Therefore, remote sensing monitoring of breeding sites, wintering 

sites and migration residences of geese can understand their habitat needs and changes. Using NOAA monthly 

average NDVI image to monitor the monthly average vegetation index and vegetation index A-B profile, it showed 

that the lower limit of vegetation index for migrating wetlands is 140-153. The stopover time of each stopover 
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depends on the stability of food, water and safety and the temperature of the ground. 

3 CONCLUSION AND DISCUSSION 

Ecotourism is a tourism with distinctive ecological environment as its main landscape, with the concept of 

sustainable development as its premise, the protection of the ecological environment as its baseline, the harmonious 

development of man and nature as its criterion, and relying on the good natural ecological environment and unique 

human ecosystem, adopting an eco-friendly way to carry out ecological experience, ecological education, ecological 

awareness and obtaining psychological and physical pleasure. Under the influence of ecotourism, this paper uses 

tracking data and meteorological station temperature data to determine the migration path of bar-headed geese, and 

shows the temperature changes synchronously with the path and residence time. These two parameters are directly 

related to the seasonal changes of wetlands. The migration of bar-headed geese is based on wetlands. The wetland 

ecosystem not only provides food and shelter for young buds, seeds, aquatic insects, mollusks and fish of aquatic 

plants, but also plays an important role in nourishing water sources, preventing floods and alleviating floods. The 

migration routes and stay wetlands of bar-headed geese are distributed in the south of China. Therefore, studying 

and determining the accurate stay wetlands of bar-headed geese and other birds can provide scientific basis for the 

protection of bar-headed geese under the influence of ecotourism and the rational layout of economic and social 

development. At the same time, the migration routes and environmental conditions of bar-headed geese shown in 

this paper have universal significance for the protection of other migratory birds. 
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