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Abstract. Water plays a significant role in wetlands. Flood- abundant goods production and a variety of valuable ecologi-
water utilisation in wetlands brings a wide range of wet- cal services, including water purification, filtration, retention
land services, from goods production and water regula-of nutrients, flood control, groundwater recharge and provid-
tion to animal protection and aesthetics related to watering habitat for a variety of species (Tracy, 2004). But im-
supply in wetlands. In this study, the floodwater utilisa- balance between supply and demand of water is increasingly
tion values of wetland services were estimated within thebecoming a common issue, as is the change of regional cli-
Momoge wetland and Xianghai wetland in western Jilin mate and the increasing urban and suburb population. Be-
province of northeastern China. From 2003 to 2008, thecause a large amount of water is used by agriculture and in-
floodwater diverted from the Nenjiang and Tao’er River is dustry, wetlands cannot be supplied water effectively. There-
381 million ?, which translates into a monetary value of ap- fore, a probe into unconventional water resource utilisation
proximately 1.35 billion RMB in 2008 (RMB: Chinese Cur- plays an important role in maintaining wetland ecosystems
rency, RMB 6.80=US$ 1), and the ratio of economic value,and easing water shortages. Rational floodwater utilisation
eco-environmental value, and social value is 1:12:2. Besidefncreases water storage in wetlands, which enables protec-
the monetary value of the water itself, excessive floodwatettion of the wetland environment and offers services to local
utilisation may bring losses to wetlands; the threshold flood-residents. Additionally, wetlands mitigate floods and reduce
water utilisation volumes in wetlands are discussed. Floodflood threats to people. The quantification of wetland ser-
water utilisation can alleviate water shortages in wetlandsyices enabled by floodwater utilisation can provide the link
and the evaluation of floodwater utilisation in wetland ser- between wetland value and floodwater, which is advanta-
vices in monetary terms is a guide for the effective use of thegeous for the sustainable development of wetlands.
floodwater resources and for the conservation of wetlands.  The evaluation of wetland ecological services has been re-
searched in the past few decades. Krutilla (1967) divided
total wetland value into use and non-use values derived from
individuals’ preferences. Examples of individual use values
1 Introduction are recreation, fishing and bird watching; non-use values in-
clude both option value and existence value. Option value
Wetlands are considered the most biologically diverse of allinvolves some kind of uncertainty influencing the individ-
the types of ecosystems, with the uniqueness characterisathl's choices, and existence value is defined as “the value
by its topography, how the water flows, the area’s large sizesome individuals place on the knowledge of the mere ex-
and its variety of habitats (Daniel, 2000). Many wetland istence of gifts of nature, even when they will never have
properties, such as the wetlands’ living species, are depemr choose an opportunity to experience them in situ”. Af-
dent upon the quantity and quality of water. In the Charlesterwards, Gren et al. (1994) suggested another classifica-
River Basin, Boston, Massachusetts, the economic value ofion system: primary and secondary values. The first refers
wetlands was estimated to be between US$37.9 million tao the structure and build up of an ecosystem and the later
US$ 46.9 million per square kilometre, with the water supply is defined as the outputs of the life-support services pro-
value accounting for US$ 24.9 million (US$, 1981) of the to- vided by the wetlands. As for the economic analysis of
tal (Thibodeau, 1981). With ample water, wetlands providewetlands, Barbier (1994) assessed tropical wetland benefits
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with a cost-benefit analysis as the methodological approachlood soaking. In this case, the floodwater utilisation values
Turner et al. (2000) combined the economic valuation, in-are converted into losses. How to identify the threshold of
tegrated modeling, stakeholder analysis and multi-evaluatiorthe floodwater utilisation volume needed to provide the max-
that can provide complementary insights into sustainable andmum contributions at the minimum loss of wetland services
welfare-optimizing wetland management and policy. Wood-is also a problem that cannot be neglected. Emphasizing the
wards and Wui (2001) evaluated the relative value of differ- practice of floodwater utilisation in wetlands, this study ad-
ent wetland services, the sources of bias in wetland valuatiomresses these issues.
and the returns to scale exhibited in wetland values with the The main objective of this paper is to assess the effects of
techniques of bivariate meta-analysis and multivariate metafloodwater utilisation for a range of wetland services. Several
analysis. Some attempts have been made to put a moneteps are taken towards the objective. First, the study area
tary measure on the value of wetland services. Raphael andnd floodwater utilisation are introduced. Then the classifi-
Jaworski (1979) estimated that Michigan’s 428 square kilo-cation of wetland values under the effect of floodwater util-
metres of coastal wetlands generated an economic value a$ation is presented. Thereafter, the assessment methods are
US$121 005 per square kilometre for a direct annual grosslescribed and applied in the study area. Finally, the threshold
of US$51.8 million. Employing both a willingness-to-pay of floodwater volume use in wetlands is quantified to provide
and an energy analysis, the value of an average acre of nat@a guide for safe utilisation of floodwater in the future.
ral wetland in Louisiana is US$ 0.60—1.58 million per square
kilometre (assuming an 8% discount rate) to US$2.22—> Background description
4.20 million per square kilometre (assuming a 3 % discount
rate) (Costanza et al., 1989). Stevens et al. (1995) used th2.1 Study area
contingent valuation survey technique to estimate the total
economic value of wetland preservation in New England andThe Momoge wetland and the Xianghai wetland are situ-
the aggregate value was estimated to range between 242 a@ged in western Jilin province of northeastern China. The
313 million dollars per year. Costanza et al. (1997) esti-Momoge wetland (428'-46°18N-12217'-12443E) is
mated the economic value of 17 ecosystem services (includlocated on the right side of Nenjiang and covers about
ing gas regulation, climate regulation, disturbance regula-1440kn¥; the main wetland types include water wetland,
tion, water regulation, water supply, erosion control and sed-carex wetland, reed swamp wetland and seepweed wet-
iment retention, soil formation, nutrient cycling, waste treat- land.  The Xianghai wetland (485'-49°05N-12205~
ment, pollination, biological control, refugia, food produc- 122°31'E) is located downstream of the Huolin River, and
tion, raw material, genetic resources, recreation and culturejhe types of wetland are reservoirs, lakes and marshes. The
for 16 biomes of global ecosystem services, such as coasta¥etland encompasses an area of 368 land includes a
regions, forest, wetlands, and cropland, with per year val-water area of 124kfand a freshwater swamp area of
ues ranging from US$ 16 trillion to as high as US$ 54 trillion. 236 kn?. These two wetlands are the National Nature Re-
Subsequently, Chen and Zhang (2000) estimated the value @erves and they are known for their unique scenery and abun-
Chinese ecosystem services to be 7.783 billon RMB yn dant species, including the red-crown crane and swan. Con-
1994 (RMB: Chinese Currency, RMB 8.72=US$1). This sequently, the wetlands are important for tourism and conser-
estimate showed that wetlands, which accounted for onlyvation as well as the gas regulation, flood mitigation and so
1.65 % of the total land area, provided 47.71 % of the totalon.
ecosystem benefits. Then Xin and Xiao (2002) calculated the The Jilin province has a temperate monsoon climate and
Panijin wetland ecosystem services to be 6.21 billion RMB,the rainy season is during the summer from June to Septem-
which 1.2 times the local Gross Domestic Product (GDP).ber. Climatic characteristics have led to permanent drought
Afterwards, the value of the Panjin wetland, the Zhalong wet-in the Jilin province. In 1998, western Jilin province suffered
land, the Poyang lake ecosystem, and the Yellow river naturathe largest flood ever recorded and the frequency of flooding
protectorate in China were all assessed (Xin and Xiao, 2002has reached once in a hundred years. The flood resulted in di-
Cui, 2002, 2004; Yang et al., 2009). rect economic loss of 8.40 billion RMB that affected an area
The majority of the wetland service studies focused onof 7552 knt and a population of 0.87 million. Although the
the value of all the wetland services; little attention was de-1998 flood caused economic and social losses, it had some
voted to the water contribution to wetland value, especiallypositive impact by increasing water storage in the wetlands,
in the case of wetland water shortage. Furthermore, theravhich alleviates drought. But since then, the flood flow con-
is more research on the ecosystem value in specific regionénued to be lower than average and western Jilin province
for a given year, which ignores the dynamic change of wet-remains subject to drought. Especially the Huolin River, as
land values corresponding to environmental and hydrologi-2 seasonal river, could not provide the minimum water vol-
cal transformation. Finally, if the floodwater utilisation vol- ume for the Xianghai wetland to protect it from shrinkage
ume is larger than wetland storage capacity, it may lead tand environment deterioration.
the death of animals and plants in wetlands due to long-term
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Table 1. Floodwater utilisation volume and wetlands area from 2003 to 2008.

Wetland Influence factor 2003 2004 2005 2006 2007 2008

Floodwater volume 1¥m3 050 0.15 040 025 0.13 0.32

Reed field 085 0 0.13 008 001 0.11
Momoge wetland ~ Area Bkm?  Grazing field 120 0 030 0.3 0.07 0.6
Fishery breeding 0.40 0.11 0.28 0.17 0.09 0.23
Floodwater volume 1¥m3 060 083 020 0.15 008 0.20
Reed field 055 055 014 011 006 0.13
Xianghai wetland ~ Area ®km?  Grazing field 0.84 080 0.13 0.09 005 0.11

Fishery breeding 0.17 0.17 0.11 0.08 0.04 0.10

Table 2. Wetland services and functions evaluated in this study.

Type Value Services Functions
Direct value Economic value Goods production  Production of reeds, grazing and fish
Gas regulation Carbon fixation, oxygen supply and greenhouse effect

. . Flood Mitigation Water retention and storage
Indirect value  Eco-environmental valué\yater purification  Waste treatment and pollution control

Habitat Habitat for resident and migratory species
Social val Recreation Wetland and eco-tourism
oclal value Culture Artistic, educational, spiritual and scientific values of wetland
2.2 Floodwater utilisation practice 3 Classification and methods of wetland floodwater

utilisation values
The Nenjiang and the Tao’er River are the two main rivers

flowing through western Jilin province. The average runoff \yetlands not only offer abundant goods for humans, but also
of the Nenjiang and the Tao'er River are 21.7 billiof end provide significant value ranging from water regulation and

1.19 billion 7, respectively, and over 80 % of the runoff is purification to recreation and animal protection. It is difficult

generated in the flood season (from July to October) (Fengg |ist all of the functions provided by wetlands, much less to
et al., 2010). The analysis of the hydro-information of the qyantify the value of each function. In an attempt to describe
Nenjiang and the Tao’er River show a remarkable differenceang quantify wetland values simply, a classification of values
between the two rivers with respect to runoff discharge andgijrect value and indirect value) is suggested that is based on
flow processes (Xu et al., 2005). The compensation of th§ynether the outputs are brought into the marketplace. Direct
flood season and the dry season of the two rivers makes {a|ye refers to the economic value that can be measured by
possible to import floodwater into the wetlands. As a result,the market price of the output. Indirect value is defined as the
the floodwater of the Nenjiang and the Tao'er River is di- gcological value and social value. Although these two values
verted into irrigation systems, wetlands and reservoirs. Theye not priced on current markets, they must be considered.
Baishatan pump station is an important passage for importyy this study, we focus on the value generated by floodwa-
ing the Nenjiang floodwater to the Momoge wetland, and theyey tjlisation, with the selection of services from wetlands
Longhuatu project can divert the Tao'er River floodwater into pased on the evaluation of local needs and the available data.
the Xianghai wetland (see Fig. 1). Through water replenish-rapje 2 provides the services and functions assessed in the
ment, the wetlands area increases and the values of ﬂooq\nomoge and Xianghai wetlands.

water utilisation can be evaluated. Considering the diverse The purpose of the value estimation is to quantify the
working capacity and the annual flood flow of the Nenjiang tr

) . . aded and non-traded value that people receive from the
and the Tao'er River during th? flood season from 2003 O etlands and to enhance the social cognition of wetlands.
2008, the floodwater volume diverted into the wetlands andThe assessment of floodwater utilisation value of wet-

added to the wetlands areas is shown in Table 1. land services provides the theoretical basis to aid in the
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Fig. 1. Diversion works of wetlands and floodwater utilisation.

decision-making regarding the rational utilisation of flood- 3.2 Gas regulation (\4)

water and sustainable development of wetlands. Several

evaluation techniques are used in this study, such as markdetland gas regulation factors consist of carbon fixation,
prices, the production function method, the substitute cosPxygen supply and the emission of greenhouse gases. The
method and the fixed parameter method. The evaluation ofirst two terms have positive influence while the third has

wetland services and functions are presented below. negative influence. Only by considering all of them can the
gas regulation of a wetland be correctly valued. The produc-
3.1 Goods production (M) tion function method can be used in this evaluation, which

lists out the functional relationship between inputs and out-
With the function-demand coupling method, the main out- puts. One example is the functional relationship between dry
puts of the Momoge and Xianghai wetlands are reeds, grazmaterial (such as amylase) and carbon dioxide in the pho-
ing and fish (Du, 2009). This value can be measured throughosynthesis cycle. Plants can fix carbon and supply oxygen

market prices that are used to value the benefits associatafirough the photosynthesis cycle as described in the reaction
with changes in quantity and quality of goods that are treateckquation below.

in markets (Ekin, 2006).

. . 6C(264 g +6H,0(108 g — CsH1206(180 9 (2)
Vi= ZAi Y- P — ZWi 1) +60,(192 9 — Amylasg162 g

i=1 i=1

) ) ) — Carbon fixation: according to the photosynthesis

where V1 is the goods production value;is the counter equation, wetland plants absorb 264 g of {Jor each
for the g.c.)od which is valued:A; is Ehe increased area 162 g of dry material produced; in other words, wetland
of good i; ¥; is the yield of goodi; F; and W; are plants need 1.63g CQo form 1g dry material. The
the market price and the cost of goodrespectively. In primary plant present in the Momoge and Xianghai

the Momoge and Xianghai wetlands, the yields of geeds, wetlands is reeds, and the unit price of carbon fixation
grazing and fish are 375000kgkrh) 225000kgkm?, by reeds is 770RMBt, which is determined by

and 21000kgkm?, respectively; the market unit prices the average of the Sweden carbon tax and the China
are 360RMBt!, 0.5RMBkg 1, and 8RMBkg?, respec- afforestation cost (Cui, 2004).

tively; and the costs are 60 000 RMB k) 0.2 RMB kg2,
and 1.4 RMB kg1, respectively.
— Oxygen supply: the photosynthesis equation shows
that producing 1 g of dry matter releases 1.2.g Gor
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the unit price of oxygen, we choose the average of the3.4 Water purification (V 4)
afforestation cost (352.93 RMB1) and the industrial
oxygen cost (400 RMBt!). The afforestation cost is Wetlands remove pollutants from urban and agricultural
the cost of growing forests that can supply the samerunoff by means of plants absorbing toxicants, agricul-
amount of oxygen with wetlands, and the industrial tural insecticides and heavy metals. The reeds can ab-
oxygen cost is the cost of producing oxygen via ansorb, metabolize and decompose pollutants effectively. A
industrial process (Ouyang, 1999). study indicated that the decontaminating ability of reeds for
arsenic, iron, manganese and lead are 96.06 %, 92.78 %,
94.54 %, and 80.18 %, respectively (Fu, 2007). The Mo-
— Emission of greenhouse gases: the primary greenhous@09e and the Xianghai wetlands both have abundant reed
gases are CiHand N:O, and the value ascribed to them resources. Toxic substances are removed when the reed is
depends on the gas emission flux. Because the of lacklowed to purify wetland water. We refer to the research of
ing related experimental data, we adopted the emisXin (2001) for the value of water purification of reed fields
sion flux in the Liao River delta, which is located in iS 113477 RMBkm? in order to determine the water pu-
northeast China, to be the same as the emission fronfification value of the reeds in the Momoge and Xianghai
the Momoge and the Xianghai wetlands (Huang, 2001).wetlands.
After an observation period of 195 days, Huang ob-
tained the emission flux and total emission of £ahd 3.5 Habitat (Vs)
N2O in a reed field. The results showed that the av-
erage emission flux of CHwas 0.52mgm2.h and  The wetlands provide growth as well as overwintering
the total emission was 27:410*kgC, and the average grounds for resident and migratory species. The Momoge
emission flux and emission of J0 were 29 mgrfth and the Xianghai wetlands are rich in species resources,
and 1.3<10*kgN, respectively. According to the in- such as Grus japonensis and Ciconia nigra. Costanza et
creased reed area of wetlands by floodwater utilisational. (1997) determined the habitat value of wetlands to be
the value of the emission of greenhouse gases is calcudS$ 30 400 km? (251 410 RMB knT2). But different coun-
lated by the value of CiHgas (0.946 RMBkgl) and tries have different amounts of precipitation in different habi-
N>O gas (25.284 RMB kgb). tats, for example, the developed countries have higher pre-
cipitation than the developing countries. So we introduce the
social development stage coefficidn{Li, 2002) to charac-
terise the different development stages of a country, and the

) _ ) N coefficient is presented in formula (3). Then we dseulti-
Wetland soil has large porosity and high permeability a”d_plied by the fixed parameter 251 410 RMB kAto calculate

can absorb and reserve floodwater, leading to an increase e napitat value of the Momoge and Xianghai wetlands, in
the amount of water storage and the ability to mitigate floods;ormula 3)

(Ju, 2009). The temporal and spatial redistribution of flood-

water can be used in agricultural irrigation, environmental 1

and domestic water su_pply, and groundwater recharg_e among = 14 oeG-TED ©)]
other uses. The substitute cost method is used to estimate the

value of particular wetland services by calculating the lowestynere £, is the Engel coefficient, which refers to the pro-

cost provision of the same service by a “next-best” a“ema}portion of residents’ food expenses relative to the total living
tive. The method is readily applicable to estimate the value Ofexpenses.

the flood mitigation service provided by wetlands. Wetlands
can be compared to an alternative such as man-made resef-s  Recreation 0\6)
voirs. Man-made reservoirs are suitable for cost-comparison

because they also reduce the damage from flood and act a
water supply. The construction capital of reservoirs can be
substitute for the value of wetland flood mitigation. By using
the investment in reservoir construction from 1988 to 2004
in China, a conclusion is drawn that the investment capital
is 0.08 $n73 (unchangeable price in 2004) (Jiang, 2007).
So the value of flood mitigation is the volume of floodwa-

3.3 Flood mitigation (V3)

Hoodwater utilisation helps prevent wetland shrinkage and
aecological degradation, thereby promoting tourism. On the
basis of the local government bulletin, the primary income
from tourism comes from the ecological-tourism of the wet-
lands, where people travel to the wetlands to hunt, fish or
watch wildlife. The tourism bureau only provided detailed

" ) ; information about the number of trips to wetlands and the
ter stored by the wetland multiplied by the unit capital. The cost of those trips. So in this study, due to the data limita-

volume of flood mitigation is determined by the difference in tion, we used the travel cost from the tourism bureau to de-

storage capacity in pre- and post-wetland floodwater utilisaso e the recreational value of the Momoge and Xianghai
tion in a flood season.

wetlands.
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Table 3. Floodwater utilisation value of wetland services from 2003 to 2008 RIIB).

Wetland Value Services 2003 2004 2005 2006 2007 2008
Economic Value v 2001.900 O 688.080  383.370 179.490  509.280
Vs 2484118 0 379.923  233.800 29.225  321.475
_ V3 11152.000 1968.000 10496.000 6232.000 3476.800 8003.200
Momoge wetland Eco-environmental Value 964.554 0 147520  90.782  11.348  124.825
Vs 915.824  573.625 1152394  902.074  462.907  1489.412
Social Val Vg 845913  321.013 1000.276 961.825 673.298  2036.726
ocial value Vo 649.400  191.000 496.600  305.600  152.800  420.200
Economic Value v 1215120  1188.120 345210  254.130 134.190  310.350
Vs 1607.382  1607.382 409.149  321.475 175.350  379.924
. _ , Vs 8528.000 7412.800 2624.000 1968.000 1049.600 2624.000
Xianghai wetland Eco-environmental Value \;, 624.124  624.124 158.868  124.825 68.086  147.520
Vs 1514.079  3000.355 567.421  578.634  312.246  857.876
Social Val Ve 995.192  1797.672 538.610  601.140 504.974  1296.099
oclal value V7 764.000  1069.600 267.400  191.000 114.600  267.400

V1: goods production; ¥: gas regulation; ¥: flood mitigation; \j4: water purification; \4: habitat; \4: recreation; \4: culture.

3.7 Culture (V7) 5 Analysis and discussion

The cultural value refers to the artistic, aesthetic, splrltual,In this study, the values of floodwater utilisation in wet-

educa_tlonal _and scientific valugs of_wetlands. Generallyands are evaluated. Wetlands perform many potentially
speaking, this part of the value is estimated by the researc

. aluable functions, especially in indirect value such as in
Investment or the actual cost of the research. The Momoge,., enyironmental and social terms. An integrated flood-

tar?d t>.(|an.gtrr1]a| V\]/(etlant(:f arel not_ ugqﬁgrgﬁl?g reigte(: stgdle? %ater utilisation value of wetland services research suggests
IS ime, therelore, this vaiue IS diicult To estimate, du€ 10y, 5 combination of economic value, eco-environmental

the limited data and the lagging effegt .Of the culture Value'.value and social value can provide complementary insight
Therefore, the average value of_SC|er_1t|f|c research in the un'ﬁno sustainable water utilisation and wetland development.
area of the W_etland ecosystem in Ch'm_i (38 200_ RMBRm Based on the value estimates, the ratio of the three val-
Is used to estimate the culture value (Xin and Xiao, 2002). ues is 1:12:2 and the large eco-environmental value is high-

lighted by the environmental regulation function of wetlands,
also described as “Earth’s Kidneys”. The indirect value is
Using the methods mentioned above, the values of wetlands4 times that of the direct value. Although the indirect value
services are shown in Table 3. is not embodied in the accounting system of a state or region,
It is clear that the total floodwater utilisation values it is irresponsible and unsustainable to exploit wetlands just
demonstrate the enormous benefit of wetland services. Iifior economic benefits. The relationship between the value
order to compare the value in different years (horizontally) of the wetlands and the floodwater utilisation volume (see
and different services (vertically) in the table, a time factor Figs. 2 and 3) shows a positive correlation, which demon-
is taken into account. We use a compound interest calcustrates that water is a decisive component of wetland services
lation to convert the wetland values of different years into and that floodwater utilisation can effectively improve the
2008 prices by assuming a 6 % discount rate. During flood-comprehensive value. The trend of eco-environmental value
water utilisation from 2003 to 2008, the overall value is has a high similarity with flood volume, which shows the
1.35billion RMB via wetland-diverted floodwater totaling prominent effect of floodwater utilisation in the environmen-
381 millionm® from the Nenjiang and Tao'er River. Then, tal maintenance of wetlands; while subject to local policies
we use the value of floodwater per cubic metre that we esand social cognition, the values of economy and society are
timate to be 3.55RMB. The majority of this value that we |ess immediate than eco-environmental value. But increas-
could determine is not included in a market system, such asng the water resources by floodwater utilisation improves

gas regulation (more than 99.86 million RMB). About half of the economic and social development for the arid areas of
the estimated total value comes from flood mitigation (aboutthe future.

0.78 billion RMB), which is 8 times more than the goods pro-
duction value.

4 Results
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The floodwater utilisation volume is affected, to a great measure to alleviate shortages in water resources, but the
extent, by the level of precipitation (Figs. 2 and 3 mark therisks of floodwater utilisation should not be ignored. The
precipitation in the form of a histogram, and the data unitsdetermination of the threshold floodwater utilisation volume
is mm). But in 2004, the Xianghai wetland shows promi- provides a theoretical reference for further floodwater utili-
nent value in the case of low precipitation. The reason forsation in order to obtain the maximum benefits from these
this value under low precipitation is the emergency water dis-ecosystems.
patch from the Chaersen reservoir in the upper Tao’er River The selection of wetland services is restricted to the wet-
that was implemented to maintain the ecological water ofland type. It is difficult to evaluate wetland value because
the Xianghai wetland. Therefore, complete water diversionof the differences of natural conditions, management pattern
works are as important as reasonable floodwater dispatch tand social cognition. Therefore, this case study has guiding
fully utilise floodwater. significance for western Jilin province while acts only as a

Unlike conventional water resources, excessive floodwatereference value for other wetlands. Undeniably, the lack of
utilisation may lead to losses as a result of long-term floodbasic data and quantified techniques makes the estimate one
soaking. Although floodwater utilisation in the study area that could not reflect actual situations. In light of this, we
did not produce losses during 2003 to 2008, the negative efsuggest that the local relevant departments should perform
fects to wetlands may occur when high-frequency floodingrelated experimental studies and statistical surveys with si-
occurs in the future. Taking the floodwater utilisation vol- multaneous floodwater utilisation practice, which would en-
ume as the abscissa and the corresponding value as the able the accurate assessment of the floodwater utilisation
dinate, the fitting curves of the Momoge and Xianghai wet- value of wetland services. As both wetland ecosystem ser-
lands are obtained, as shown in Fig. 4. From the polynomialices and water resources become more stressed and scarce
fitting curves, we can see that the value decreases when tha the future, the value of wetland floodwater utilisation will
floodwater utilisation volume reaches a certain value. Theincrease.
polynomial correlation coefficients reach 0.9701 and 0.9926,
which show that the value and volume are highly correlatedAcknowledgementsThe authors are grateful for the financial
and that the results are reliable. With the calculation of fitting SUPPOrt from the 11th Five Years Key Programmes for Science and
polynomials, the threshold of floodwater utilisation volumes Teéchnology Development of China (No. 2006BAB14B05).
of wetlands are approximately 174.52 millios im the Mo-
moge wetland and 94.69 milliontin the Xianghai wetland.
In order to obtain the objective of “maximum value and min-
imum loss”, performing the threshold analysis for a practical
situation is essential for optimal floodwater utilisation. References
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