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a b s t r a c t
Jilin Boluo lake wetland nature reserve is located in the northwest of Changchun city; the reserve 
has rich biodiversity and unique wetland water resources to develop eco-tourism. This paper first 
analyzes the general situation of Jilin Boluo lake wetland nature reserve and its water resources, 
second analyzes the water-related eco-tourism resources in the reserve, and then analyzes the status 
quo of eco-tourism development in the reserve on this basis. Third, the status of ecological quality 
and water resource management in the reserve was evaluated. Finally, based on the above research, 
the countermeasures of water resource utilization and protection in the development of eco-tourism 
in the reserve are put forward.
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1. Introduction

1.1. Overview of Jilin Boluo lake wetland nature reserve

Jilin Boluo lake wetland nature reserve is a nature 
reserve of “natural ecosystem” and “inland wetland and 
water ecosystem”. Located in the northwest of Changchun 
city, the nature reserve is a natural barrier against sand-
storms in the west of Changchun city and its surrounding 
areas. With abundant water resources, elegant environment 
and beautiful wetland scenery, it plays an important role in 
flood storage, natural disaster prevention, ecological bal-
ance maintenance, tourism development and local economic 
development [1–9].

In addition, the inland closed-flow lake wetland system 
in Boluo lake is one of the three typical inland closed-flow 
lakes in Jilin province. This area is best to study the hydro-
dynamic processes of the wetland, such as water volume, 

water level, flooding period, flooding frequency, duration, 
flooding depth and turnover rate, and the changes of water 
input and output with time [10,11]. This area is of great value 
in analyzing and predicting the changes of water level in 
wetlands and lakes.

1.2. Overview of water resources in Boluo lake wetland 
nature reserve

The water resources in the reserve mainly include the 
closed flow area of the Boluo lake and part of the depression 
in Wazhonggao.

1.2.1. Closed water system of the Boluo lake

The closed flow area of the Boluo lake is the unique water 
resources basin of Nongan county. It starts from Sanbao 
township in the east to Fulongquan town in the west, and 
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runs from Bajilei township in the south to Sanshengyu town 
and Yongan township in the north. And it across the border 
into the former Nong’an county and Gorlos Mongol autono-
mous county [12–15].

The drainage area in the closed flow area of the Boluo 
lake is 1,378 km² (Among them, the catchment area of the 
county is l,297.5 km, and the former Gorlos Mongolian 
autonomous county is 80.5 km). There are five pools in the 
closed flow area, including Boluo pool, Aobaotu, Yuanbaowa, 
Mobo and Guangxingdian.

The western and northwestern parts of Nongan county, 
with many terraces and hilly areas, are dry and lack of rain. 
They are independent and not connected to each other, 
and there are guard posts between the bubble ponds. At 
the junction of the guard ponds and the guard ponds, the 
ground drops precipitously, falling for tens of meters, and 
then extends for several or more miles at a low level [16–25]. 
In this way, low-lying boxed bottom in the middle and closed 
flow bubble ponds surrounded by surrounding hilly land are 
formed, with a total surface runoff of 1,378 km. In this vast 
arid region, there are several pools, which reduce the dryness 
and provide cheap water.

The high bubble in the depression adjacent to Po Po zi 
turned out to be a closed flow pond of this type. In 1940, after 
artificial excavation, it was connected with the Xinkai river 
at the beginning, and changed to the Yitong river in 1963, 
which changed the natural condition of the low-lying, medi-
um-high basin and no longer regarded as a closed flow area. 
See Table 1 for the characteristic values of the pond above.

Flow in a closed region, in addition to the five bubble 
pond, there are around the perimeter of the bulb polo several 
natural canal system, including large GouZi have an empress 
MiaoGou, room ditch, ditch, ditch written four tigers, the 

trench catchment area is small, short process, from 1950s to 
1970s in the groove of a hierarchical, built the reservoir, res-
ervoir flood was held the rainy season, dry season is spring 
subtle flow [26]. The main characteristic values are shown in 
Table 2.

1.2.2. Groundwater

The total amount of groundwater resources in the pro-
tection zone is l million m, the aquifer is 0 ~ 5 m, mostly fine 
sand, and the water output of a single well is less than 5 t/h, 
which cannot meet the requirement of water withdrawal.

•	 Silt gravel pore diving area in Lacug depression

It is mainly distributed in the five depressions (BoluOpaozi, 
Aobaotu, Yuanbaowa, Guangxingdian, Mobopo, etc.) and 
the middle and high depressions, among which the five 
depressions are 388 km and the middle and high depressions 
are 405.6 km [27–30]. The total amount of groundwater in the 
region is 3 million m3, of which 2 million m3 of cultivated 
land is occupied. Aquifer thickness less than 2 m, mostly 
silt and fine sand, single well water yield of 3.15 t/h, is basi-
cally PinShui District, but the eastern edge of the polo bulb 
presenting a banded lake terrace accumulation formation is 
composed of coarse sand and gravel, water quantity is rich, 
single well water yield of 30.7 tons, but only 27 square kilo-
meters area is very small.

•	 Pore diving area of sand and gravel in hilly platform

Sanshengyu, Fulongquan, Xinyang township (town). 
The total amount of groundwater exploitation in the region 

Table 1
Characteristic values of bubble pond

Bubble pond name Basin area (km²) Normal water 
depth (m)

Normal water 
(km2)

Storage capacity 
(10,000 m3)Whole basin In the county

Full close flow area 1,378 1,297.5
Boluo pond 1,070 989.5 1.3 51 6,600
Aobaotu 91 91 0.5 14 570
Yuanbaowa 112 112 0.8 8 620
Guangxingdian 27 27 0.3 2 50
Mobo 78 78 0.5 3 145

Table 2
River characteristic values in closed flow area

Drainage A tributary Basin area (km2) Length of the river (km) Gradient 
P ‰Level 1 Level 2 Level 3 Level 4 Whole 

basin
Length in 
the county

Length of 
the river

Length in 
the county

Boluo pond

Niangniangmiao 531.0 474.5 29.8 29.8 1.5
Laohugou 179.0 155 18.8 18.8 1.4
Fangshengou 74.9 74.9 25.2 25.2 2.7
Chengshengou 32.4 32.4 14.7 14.7 4.4
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is 152 m, among which the cultivated land occupies 10,000 m. 
It is divided into the following three communities according 
to the water abundance. The community is rich in water: the 
area is 229 km, distributed in some areas of Sanshengyu, 
Yongan and other townships (towns) [31–35]. The aquifer is 
composed of coarse sand, sand and gravel, and pebbles, with 
a thickness of 5 ~ 38 m and a depth of 5 ~ 35 m for the static 
water level. Water volume medium community: in some 
areas of Yongan, Fulongquan, Xinyang and other townships 
(towns), the aquifer is composed of coarse sand, sand and 
gravel with a thickness of 2 ~ 37 m and a depth of 5 ~ 20 m 
for the static water level. Water-poor community: it is distrib-
uted in some areas of villages (towns) such as Fulongquan 
and Xinyang. The aquifer is composed of medium sand and 
gravel, with a thickness of 2 ~ 1 m and a depth of 3 ~ 11 m 
for the static water level.

2. Overview of water-related eco-tourism resources 
in the reserve

The water-related eco-tourism resources in the natural 
protection area of Jilin Boluo lake wetland are mainly under 
the jurisdiction of Sanshengyu protection management sta-
tion at the northwest end of the protection area [36]. The 
unique geographical location, beautiful natural scenery and 
rich cultural relics constitute an extremely rich ecological 
tourism landscape resource.

2.1. Hydrological landscape resources

Hydrological landscape is the main vein of landscape 
resources in the reserve. Fulongquan lake west, north by 
Yongan township, the northeast coast for the town of San-
shengyu, Wanshun township, the southern half of the town 
for Bajilei. It is a natural lake and wetland integrating water, 
grass and reed [37]. It is known as the bright pearl on the 
edge of “vast ocean of eight hundred miles”. It collects 
over 80 km2 of water and has a vast territory.

2.2. Biological landscape resources related to water

The Boluo lake wetland is rich in plankton, fish and bird 
resources. A large area of leymus meadow is distributed out-
side the lake, while in the shallow water area outside the water 
accumulation area, a large area of reed marsh is distributed as 
far as the eye can see. It is the combination of these aquatic 
plants that gives birth to abundant fish and bird resources 
[38]. The vast lake and the fresh air create a beautiful picture 
of nature. In early spring, wild flowers are blooming; in mid-
summer, the lake is breezy and green with grass; in midau-
tumn, golden yellow; in severe winter, white and boundless. 
A good ecological environment has greatly stimulated peo-
ple’s enthusiasm for caring for nature and caring for life.

3. Current situation of eco-tourism development

At present, the development of wetland eco-tourism 
resources is still a new field, and the development and utili-
zation of water resources in Jilin Boluo lake wetland nature 
reserve is in the initial state, and has not entered the stage of 
sustainable development and utilization [39]. At present, the 

supporting degree of eco-tourism elements in the protection 
zone is relatively low, with an annual average of about 10,000 
tourists. However, the reserve is rich in water resources, and 
the biological resources related to water are rich and diverse. 
At the same time, the agricultural production condition in 
the protected area is good, and the agricultural sightseeing 
prospect is very broad.

4. Evaluation of the status quo of ecological quality and 
water resource management in the reserve

4.1. Ecological quality evaluation

Boluo lake wetland is located in the west of Nongan 
county, a temperate continental climate. As one of the three 
inland closed-flow lakes in Jilin province, lake Boluo is 
centered on the closed-flow waters such as lake polo and 
composed of reed marsh and meadow grassland, forming a 
relatively stable natural ecosystem. The diversity of species 
and the complexity of the food network play an important 
role in regulating the climate, storing flood water and puri-
fying water quality [40]. The Boluo lake wetland is located in 
the west of Nongan county wind, sand arid areas, belongs 
to the temperate continental climate, the annual prevailing 
southwest wind, its characteristics are dry and windy spring, 
warm and rainy summer, autumn sunny cold temperature 
difference, winter cold and long. The lake water is shal-
low, the water temperature is hot and rainy, aquatic plants 
flourish, bait rich, rich carp, carp, grass carp.

4.2. Current evaluation of surface water environmental quality

According to the monitoring data show that of the 
wetland water quality reaches the surface water environment 
quality standard (GB3838-2002) III in the waters of the water 
body function.

4.3. Evaluation of the current situation of water resources 
management

The natural resources of the Boluo lake wetland were 
developed and utilized freely by surrounding towns and vil-
lages before 1970. In order to reduce the damage to wildlife 
resources, the national fishery of the Boluo lake was estab-
lished with the approval of Nongan county government 
in 1970. The fishery and reed industry development of the 
wetland in the Boluo lake shall be under unified manage-
ment. In 1982, the lake Boluo resources management office 
was established, and the water police station was set up to 
strengthen the patrol and management of lake Boluo, pre-
vent the indiscriminate exploitation of aquatic and terrestrial 
wildlife resources in the lake polo wetland, and effectively 
curb the occurrence of resource destruction. In 1982 and 
1984, successive circulars were issued that 167.2 m elevation 
was regarded as no-man’s land, and no one was allowed to 
cultivate land within the area. Measures for watershed man-
agement were formulated, including returning farmland to 
forests and creating a protective belt around the lake, so as 
to keep the ecosystem of the Baltic lake basically in a natural 
state. It ensures the integrity of the ecosystem and the bio-
diversity, and provides a good habitat for the survival and 
reproduction of many rare and endangered birds.
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5. Water resources utilization and protection 
countermeasures in eco-tourism development

5.1. Formulate scientific plans for the protection and 
utilization of water resources

From the perspective of long-term sustainable devel-
opment, the utilization of water resources must be limited 
by the number of people. The utilization of water resources 
should consider the carrying capacity of water bodies and 
the law of water circulation, put an end to the unrestricted 
access of tourists, establish a periodic water circulation sys-
tem, and make comprehensive utilization and planning of 
the water environment in the protection zone.

5.2. Strengthen policy support for introducing 
capital and talents

Actively strive for the input of central finance and local 
finance to the protection and utilization of water resources 
in the protection zones, and strengthen the infrastructure 

construction in the protection zones; Actively strive for the 
investment of the central finance in the protection and con-
struction of wetland water resources, and accelerate the con-
struction speed of the protected area with the project funds 
of water diversion project, such as returning farmland to wet 
land; actively carry out internal and external citation, and 
strive for scientific research topics and projects; attract public 
welfare investors, implement risk sharing and benefit sharing; 
actively introduce professional and technical personnel with 
experience in reserve management and scientific research, and 
provide a good working and living environment for them; to 
strengthen the selection and sending of the existing staff to 
relevant colleges and universities for further study in order 
to improve the overall quality of all staff as soon as possible.

5.3. Strengthen the publicity of water resources protection, 
and contribute to the protection awareness of tourists

Local governments at all levels and the protection areas 
should publicize through various ways, improve tourists’ 

Table 3
(GB3838-2002) Standard limit of surface water environment quality standard Unit: mg/L

S.No. Standard values  classification 
project

I class II class III class IV class V class

1 Water temperature (°C) Man-made changes in environmental water temperature should be limited to:
Weekly	mean	maximum	temperature	rise	≤1
Weekly	mean	maximum	temperature	drop	≤2

2 PH value (dimensionless) 6–9
3 Dissolved	oxygen	≥ Saturation rate 

90% (or 7.5)
6 5 3 2

4 Permanganate	index	≤ 2 4 6 10 15
5 Chemical	oxygen	demand	(COD)	≤ 15 15 20 30 40
6 Five days biochemical oxygen 

demand (BOD5)	≤
3 3 4 6 10

7 Ammonia nitrogen (NH3–N)	≤ 0.15 0.5 1.0 1.5 2.0
8 Total	phosphorus	(in	P)	≤ 0.02 (lakes and 

reservoirs 0.01)
0.1 (lakes and 
reservoirs 0.025)

0.2 (lakes and 
reservoirs 0.05)

0.3 (lakes and 
reservoirs 0.1)

0.4 (lakes and 
reservoirs 0.2)

9 Total nitrogen (lakes, 
reservoirs,	in	N)	≤

0.2 0.5 1.0 1.5 2.0

10 Copper	≤ 0.01 1.0 1.0 1.0 1.0
11 Zinc	≤ 0.05 1.0 1.0 2.0 2.0
12 Fluoride	(in	F)	≤ 1.0 1.0 1.0 1.5 1.5
13 Selenium	≤ 0.01 0.01 0.01 0.02 0.02
14 Arsenic	≤ 0.05 0.05 0.05 0.1 0.1
15 Mercury	≤ 0.00005 0.00005 0.0001 0.001 0.001
16 Cadmium	≤ 0.001 0.005 0.005 0.005 0.01
17 Chromium	(hexavalent)	≤ 0.01 0.05 0.05 0.05 0.1
18 Lead	≤ 0.01 0.01 0.05 0.05 0.1
19 Cyanide	≤ 0.005 0.05 0.2 0.2 0.2
20 Volatile	phenol	≤ 0.002 0.002 0.005 0.01 0.1
21 Petroleum	≤ 0.05 0.05 0.05 0.5 1.0
22 Anionic	surfactant	≤ 0.2 0.2 0.2 0.3 0.3
23 Sulfide	≤ 0.05 0.1 0.2 0.5 1.0
24 Fecal	coliforms	(per/L)	≤ 200 2,000 10,000 20,000 40,000
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awareness of water resources protection, establish the idea 
of taking protection as the premise, and put an end to the 
practice of pollution first and treatment afterwards, so as to 
prevent the occurrence of an emergency.

5.4. Improve the system and strengthen the administration 
according to law

Establish, improve and perfect the administration of 
attendance management, personnel management, file man-
agement, financial management, and other rules and regula-
tions. The staff of the administration must abide by the laws 
and regulations of the state and local governments concerning 
the protection of water resources in nature reserves, strictly 
enforce the law and act in accordance with the law. Abide by 
the rules and regulations formulated by the administration 
of nature reserves and abide by rules and regulations.
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