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Abstract: Yongding River, as the mother river of Beijing city, has been dried up from Sanjia Dian since
1980s. The naked riverbed and the desertification of its both sides play a main role of sandy weather in
spring of Beijing. The Quaternary period underground water of the west Beijing has been drained off,
because of the overload of the underground water plus with no supply pouring into. The ecological system
of Yongding River has severely been devastated. If we want Yongding River to be recovered, we should
clarify the quantity of the most active and the most important water. This paper calculated the instream
ecological flow in three monitored sections of Yongding River Guanting Reservoir with wetted perimeter
method. The three sections are Guanting Reservoir (under dam), Yanchi and Lugou Bridge. Respectively,
the flows in the instream of each section are 3.7 m’ s (the normal flow year, P=50%, 1978 ) accounting for
20.7% of the average annual flow, 4.1 m’ s'(the normal flow year, P=50%, 1981) accounting for 20.1% of
the average annual flow and 1.3 m® s’ (the normal flow year, P=50%,1978) accounting for 22.1% of the
average annual flow. If the supplies are according to the calculated flows, Yongding River will return back

from it. Still according to the Tennant method, the Yongding River will maintain a health situation.
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1 Introduction

Ecological water flow is a hot research issue in and
abroad. Ecology and environment is the fundamental
thing related to human development, among which water
play an absolute decisive role. “The ignorance of the con-
nection between the water resource and ecology along
with environmental system” is a big mistake made by wa-
ter resource management in 20" century. For a long time,
people only focus on solve the production and domestic
water supply in the exploit of water resource. However,
the ignorance of the connection between them caused a se-
ries of ecological and environmental problems, such as
the shrink of lakes, the drought-up of rivers, the destroy
of the wild’ s habitat, the loss of the biological diversity,
the sedimentation of the streams, the weakening of water
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self-cleaning capacity, the deterioration of water environ-
ment and so on. Until 1970s, the importance of ecological
water has gradually been seriously valued. To assure the
benign circulation of water resource, realize the sustain-
able utilization of water resource and rebuild the ecologi-
cal environment, the first goal is to coordinate the config-
uration of the ecological water and domestic water. The
ecological water theory is generated by a new thinking
model. The emphasis of it is to develop our water re-
source reasonable on the condition of protecting our na-
ture first, stopping the deterioration and eventually realiz-
ing the sustainable utilization of water resource (Wang et
al. 2002; Qiu 2006).

As the biggest and the important flood discharge river
across Beijing, Yongding River is located in the west of
the city and seen as the key flood control spot. And it was
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listed on the Top Four Flood Control Rivers in 1985 by
the State Council. Since 1980s, Beijing has always been
in the lack of water. To meet the water demand, the water
flow of Yongding River from Sanjia Dian section above
all has been introduced into the city, which made the 70
miles bellow dry up for years, and both sides desertifica-
tion. In the recent years, people rampantly exploited the
sands illegally which left the river way a mess and the riv-
er bed naked. Every winter, Beijing city is shrouded by
the sands carried by northwest wind along the river way.
The Quaternary period underground water of the west Bei-
jing has been drained off, because of the overload of the
underground water plus with no supply pouring into. The
ecological system of Yongding River has severely been
devastated. As an ecological link to southwest region and
an important ecological corridor in Beijing, Yongding
River can greatly get the environment and regional econo-
my promoted in Beijing southwest, if it is well managed,
not to mention the positive effect in the city plan, the eco-
logical environment improvement and international liv-
able city development (Yan ef al. 2004; Sun ef al. 2004;
Yan et al. 2006).

Therefore, how to allocate the water resource of Yong-
ding River and leave the appropriate ecological water
flow in the meanwhile of guaranteeing the production and
domestic water is the most urgent problem to be solved.

Currently, there are four methods to estimate the eco-
logical water flow: Hydrologic Methodology, Hydraulics
Methodology, IFIM (Instream Flow Incremental Method-
ology) and BBM (Building Block Methodology). Tennant
method or Montana method (Tennant 1976), 7010
method (Caissie et al. 1998) and Texas method (Mathews
and Bao 1991) are belong to hydrologic method. The ad-
vantage of it is simple to calculate and easy to operate
and not so limited to data. However, the method is too
simple to keep the real data of the river. Without consider-
ing biological variables and their mutual influence and
the fluent flows (Karim et al. 1995), hydrologic time se-
quence of the river cannot keep consistency. Therefore
this method should be processed by hydrologic sequence.
IFIM (Gore et al. 1991, Stalnaker et al. 1994) and BBM
(King et al. 1994; Rowntree and Wadeson 1998; King et
al. 1998) not only consider hydrologic information (such
as the flow), but also biological information. So the re-
sults are more reliable. But they require large quantity da-
ta and complex model. Considering the hydrologic and bi-
ological information of our country, the two methods are
hard to be realized. Nevertheless, as a typical method in
hydrologic methodology, wet perimeter methodology has
a large room to perform. Because it only requires little da-

ta, such as the wet perimeter, the flow, water level and so
on. These data can be acquired from hydrologic station
and the method isn’ t limited by the influence which is
made to the flow by human beings’ activities.

In recent years, scholars in and abroad made a deep re-
search on wet perimeter methodology. Gippel (Gippel et
al. 1998) established the wet-flow fitting function by mea-
sured wet perimeter and flow data. And he compared the
difference of wet-flow curve derived from curvature meth-
od and slope method. Ji et al. (2006) theoretically estab-
lished the relationship of wet perimeter and flow of vari-
ous geometric cross sections with her people. It reveals
that rectangle cross section and trapezoid cross section
match logarithm fitting function better. Triangle, U and
parabola cross section match exponential fitting function
better. They applied two methods, slope equal to 1 and
the maximum curvature, to find the change points in the
wet perimeter- flow curve. The results show that the eco-
logical water calculated by slope equal to 1 is more than
by maximum curvature. Liu et al. (2006) deduced that dif-
ferent method applied to P-Q curve would lead the two re-
sults deviate too much. It means wet perimeter method is
not so stable. This paper plans to revise principle of the
WPL curve by analyzing the P-Q relationship and hopes
to unify the results get by the above two methods, reduce
the instability caused by wet perimeter method, calculate
the basic ecological water demand in the at lower reach of
Yongding Guanting reservoir and provide a scientific sup-
port to environment management.

2 Methods

Wet perimeter method applies wet perimeter as the indica-
tor to judge a habitat so as to estimate the minimum eco-
logical water flow. Based on the above assumption, wet
perimeter will have a direct connection with the aquatic
lives’ habitat. Therefore, to assure the wet perimeter of
the habitat is to survive the aquatic lives (Gippel et al.
1998). The minimum ecological water demand can be de-
rived from building the P-Q curve and finding the change
points. The relation of P-Q can be derived from the mea-
sured data of one geometric dimension of multiple cross
sections or multiple geometric dimension of one single
cross section (Cui 2001; Miao ef al. 2003). It can also be
acquired from Manning formula (McCarthy 2003). Gener-
ally, wet perimeter increases along with the flow’ s grow-
ing. However, when the wet perimeter achieves a thresh-
old, the increase will only change a little bit. Generally,
shoals are chosen to be the cross section in wet perimeter
method (McCarthy 2003), because shoals are the water-
shed of the aquatic lives’ habitat. It is very sensitive to
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the change of the flow, river width, and water depth and
flow velocity. When the flow subsides, it is the shoal that
breaks the surface of the water. And the shoal is the habi-
tat of fishes and invertebrates. Thus protecting the shoal
can meet the requirement of the whole riverine ecosystem.

It is easy to run the wet perimeter method. Short term
data can satisfy the method. Besides, it costs little and
easy to realize. Compared with hydrologic methodology,
wet perimeter considers more about the habitat on the con-
dition of different flows. And it is backed up by hydro-
logic theory. Compared with IFIM and BBM, wet perime-
ter costs less and is faster to be used and not so strict with
the long-term data. Only a few days’ data can meet the
needs. It has been wildly used in many countries. Wet pe-
rimeter method applies in those regions where their food
is not so sufficient or where a simple method needed to be
applied to the initial standard of the river basin planning
(Thomas et al. 1998). However, wet perimeter method ig-
nores the water depth and the change of flow velocity.
The diverse aquatic livings’ need in different periods and
water demand in different seasons are ignored (Xu et al.
2004). Wet perimeter method is affected by shape of the
channel and need the shape to be stable. Otherwise, the
P-Q curve will not stable which will lead no constant
growth change points (Yang et al. 2003). Yet, there are
some assumptions involved in this method still need fur-
ther discuss and some limitations. The main assumption is
that the flow reflecting by the change point can meet the
fishes’ living demand. But this assumption has not been
validated. And the corresponding flow is the lower limit
of ecological water demand.

The key point of wet perimeter is to determine the
change points or the catastrophe points on the curves. In
analytic geometry, catastrophe point is defined as: the
slope of the curve increases in one side of the point, while
descends in the other side of the point. But it is hard to
find it in P-Q curve. So when the flow change arouses lit-
tle change of wet perimeter, the corresponding point is
seen as the catastrophe point. And the corresponding flow

Table 1 Information of the three stations.

of the first catastrophe point is the minimum ecological
water flow. It is a subjective action to judge the catastro-
phe point. Grippe thought the judge will easily lead to
mistakes. And he gave that the point should be located in
the maximum slope or the slope equal to 1 point. Al-
though it sounds reasonable in the science circumstance,
still need further study in practice.

3 The case study

3.1 Data information

In wet perimeter method, P-Q relation should be clarified
first. And there are many data information needed to es-
tablish P-Q function, such as monthly water level (maxi-
mum, minimum and average monthly water level), flow
information (maximum, minimum and average monthly
flow), and measured large cross section and so on. There-
fore, the three hydrologic stations with measured large
cross section are chosen to be analyzed the ecological wa-
ter by wet perimeter method. The three stations are
Guanting reservoir, Yanchi and Lugou Bridge, respective-
ly. The information is shown in table 1.

3.2 Results

3.2.1 Guanting Reservoir Station (under dam)

According to information of the measured large cross sec-
tion from 1970 to 1991, Yongding River generally keeps
stability except for some light change in some part of the
section (Fig. 1).

Set normal year(P=50% ) from 1970 to 1991 as the rep-
resentative year and calculate the minimum ecological wa-
ter. After frequency calculation, 1987 is chosen to be the
representative year. And its PQ curve is shown in Fig. 2.
With the maximum curve, it can be derived that the eco-
logical water is 3.7m’ s accounting for 20.7% of the an-
nual mean flow.

3.2.2 Yanchi Station

The typical cross section of Yanchi sation from 1965 to
1966 and from 1970 to 1991 goes like parabola (Fig. 3).

Station

Guanting Reservoir (under dam)

Yanchi Lugou Bridge

Location 115°36' E, 40°14" N

Catchment area (m?) 42 500
Years of the measured information
(Flow, flow velocity, water depth,
area of cross section )

1955-1966, 1970,
1955-1966, 1970,
1979-1982, 1984-1991
Years of the measured large 1970-1991
cross section

115°53" E, 40°02" N 116°13" E, 39°52" N

43 674 44 400

1963-1966, 1970,
1973-1991

1955-1966, 1970,
19721978, 1980-1985

1965-1966,1970-1991 1965-1966, 1970-1978,

1980-1985
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Fig. 1 The large cross section of Guanting Reservoir
(under dam)
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Fig. 2 P-Q curve of Guanting Reservoir (normal year P=
50%, 1978).
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Fig. 3 The large cross section of Yanchi Station.

Set normal year(P=50%)from 1970 to 1991 as the rep-
resentative year and calculate the minimum ecological wa-
ter. After frequency calculation, 1981 is chosen to be the
representative year. And its PQ curve is shown in Fig. 4.
With the maximum curve, it can be derived that the eco-
logical water is 4.1m’ s accounting for 20.1% of the an-
nual mean flow.

3.2.3 Lugou Bridge Station

The large cross section of Lugou Bridge changes vio-
lently, but still keeps a wide and tender parabola or trape-
zoid shape (Fig. 5).

Set normal year(P=50% ) from 1970 to 1985 as the rep-
resentative year and calculate the minimum ecological wa-
ter. After frequency calculation, 1978 is chosen to be the
representative year. And its PQ curve is shown in Flg. 6.
With the maximum curve, it can be derived that the eco-
logical water is 1.3m’ s" accounting for 22.1% of the an-
nual mean flow.
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Fig. 4 P-Q curve of Yanchi Station (normal year P=
50%, 1981).
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Fig. 5 The large cross section of Lugou Bridge Station.
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Fig. 6 P-Q curve of Lugou Bridge Station (normal
year P=50%, 1978).

From the above results, it is clear that the ecological
water flow of each cross section accounts for 20.1% to
22.1% of the annual mean flow. According to the Tennant
standard, the results can keep the riverine ecosystem in
healthy condition.

4 Conclusions

How to manage our mother river, make its ecological bar-
rier into use and improve the drought-up situation is of
great significance on “Culture-enriched Beijing, Technol-
ogy-empowered Beijing and environment- friendly Bei-
jing” establishment. However, if the lower reach of Yong-
dong River wants to recover to ecological barrier and
green corridor, the minimum ecological water flow
should be guaranteed. Then the ecological management
can be realized.

This paper estimated the ecological water flow of the
typical cross sections (Guanting Reservoir [under dam],
Yanchi and Lugou Bridge), selected the representative
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normal year, established P-Q curves and calculated the
minimum ecological water demand. The results shows,
the ecological water accounts for about 20% of the annual
mean flow. According to the Tennant standard, the results
can keep the riverine ecosystem in healthy condition.

This paper only stepped forward a little bit on ecologi-
cal water demand of the internal river. As to the external
river problems, such as ecological water demand of lakes
and wet land, still need a further study.
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